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CHAPTER 1 


POTENTIAL ASBESTOS CONTAMINATION AND CORRECTIVE MEASURES; 
EXPERIENCE FROM OTHER JURISDICTIONS 


INTRODUCTION 


The health hazards of airborne asbestos fibres to workers in the 
asbestos industry have been known for a number of years. Only recently has the 
possibility of widespread asbestos-related disease from non-occupational 
exposure been considered. The medical aspects of this low level or inter- 
mittent non-occupational exposure to asbestos have been reviewed in public 
meetings held in the summer of 1981 (1) by the Royal Commission on Matters of 
Health and Safety Arising from the Use of Asbestos in Ontario (hereafter called 
the Royal Commission on Asbestos). These medical aspects will not be 
considered in this study which concentrates only on the potential or actual 


fibre levels detected in buildings due to asbestos use in the building. 


It is known that asbestos can be detected at low background levels in 
the environment both in air (2) and in water (3). Therefore the presence of 
airborne asbestos fibres in a building cannot be used as definitive proof that 
an asbestos~containing building product is indeed releasing significant amounts 
of asbestos fibre to the building environment. The present research study, 
instituted by the Royal Commission on Asbestos, will provide a data base of 
fibre levels in buildings in an effort to establish a criterion for deciding 
whether a particular installation does require remedial work. In addition the 
study will provide information on the cost and effectiveness of various 
procedures in reducing exposure to asbestos, information on current control 


programmes in Ontario,and an estimate of the extent of the problem in Ontario. 


This chapter is largely based on information collected from other 
jurisdications, namely britain, France, the United States of America, and 
Australia. It will cover: asbestos~containing products used in buildings; the 
relative hazard of various products or installations; available methods for 
asbestos abatement; methods of management and control of asbestos where 
appropriate; and methods of selecting and performing any necessary contractual 


worke 


Lez 


ASBESTOS-CONTAINING PRODUCTS USED IN BUILDING 


A very wide range of products used both in the construction industry and 
elsewhere contain asbestose Although the list of these products is shrinking 
as replacement materials are found, a number of asbestos uses currently have no 
acceptable replacement. Table I presents a summary of selected asbestos 
products and their end usese Although between 2000 and 3000 uses of asbestos 
have been identified, the uses shown in Table I will account for a very high 


percentage of the total asbestos consumed. 


The asbestos~containing products used in construction can be generally 
divided into two classes, depending on the hardness and possibility of fibre 
release. Hard products which contain asbestos fibre bound in a solid matrix 
are not generally considered to pose any significant risk of releasing airborne 
fibres during normal use(4, 10). This category includes such products as floor 
tile, gasket material, roof coating and patching compounds, asbestos cement 
products, hard ceiling tiles and impregnated textile and paper products. Only 
during sanding, grinding, cutting or other processes used in installation or 
alteration of these products might fibre release be significant. Airborne fibre 
levels detected during various operations on these materials have been 
extensively reported (5, 6). These publications and many others contain 
specific guidelines to reduce exposure to airborne fibres during these specific 


activities. 


A clear distinction can be made between these products and friable 
asbestos material which is defined typically as follows: “'Friable asbestos 
material' means any material that contains more than l percent aspestos by 
weight and that can be crumbled, pulverized, or reduced to powder, when dry, by 
hand pressure-” (7) Only products which fall into this category of "friable 
asbestos material”, or processes involved in mining, milling or manufacturing 


asbestos~containing products are included in most asbestos control regulations. 


Sprayed asbestos-containing insulating material and low density 
pre-formed asbestos~-containing insulating blocks do, however, fall into this 


category of friable asbestos material and have been widely used in buildings. 
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1.4 


Information is now available that these products can release fibres into the 
building environment during normal use or routine maintenance (8, 9, 10, 11). 

It is these products which are considered to be potentially capable of releasing 
fibres to the building environment during their life cycle and which will be 
addressed by this study. Elevated fibre levels incurred in the construction 
industry during installation of these (12) or other products (13) will not be 
considered as these products have been largely removed from the market or 


described in other publications (5, 6). 


Friable Materials in Buildings 
The useful properties of asbestos include high strength incombustibility, 


good insulating properties,and the ability to produce fine fibres which can be 
woven into fabrics. mess properties are utilized in the products which are 
usually considered to pose the greatest risk of fibre release during use —~- 
friable sprayed insulating products, pre-formed thermal insulating blocks, and 
uncoated textile products. The sprayed insulating products and pre-formed 


thermal insulating blocks are most widely used in buildings. 


The sprayed insulation materials are the most likely to cause asbestos 
exposure to construction workers during application or in posing a danger of 
fibre release thereafter. Spray application of asbestos-containing insulation 
material has been reported to date from 1932 in Great Britain, where it was used 
for condensation control and acoustical purposes (24). It was introduced into the 
United States in 1935 and shortly afterward into Canada. Most of the early 
North American uses were for decorative sprayed coatings and acoustical control. 
It was soon found useful as a fireproofing coating and was given Underwriters 
Laboratory approval as such in 1950. There was extensive use of this product 
for the fireproofing of structural steel. The combination of fireproofing and 
acoustical properties accounts for its widespread use in schools and public 
areas of buildings such as airports. The spray-on products were applied in 
North America until the early 1970's when replaced by other non-asbestos 


products. 


ep 


The potential hazard of the sprayed products depends largely on the 
asbestos content, strength, binder content and hardness of the material. These 
in turn depend largely on the method of application andes ciills ofthe 


contractors The two main methods of application are the wet and dry processes- 


In the wet method, asbestos (generally 5% to 304 by weight of the total 
formulation) and some combination of other fibres (mineral wool, glass, cellu- 
lose) and lightweight aggregate (perlite, vermiculite) were mixed with the 
binder (portland cement, gypsum) and water to forma slurry in a ribbon 
blenders This slurry was then pumped and applied with an air spray to the. re=- 
quired location. The product when cured tended to be quite hard and relatively 
dense (greater than 20 pounds per cubic foot). When applied as a fireproofing 
coating, the maximum thickness of the slurry applied product was usually one 
inch with most applications being closer to one-half inch. When applied for 
decorative use or acoustical purposes, the thickness of application was usually 
very much lowers As a general rule, these formulations contained chrysotile 


asbestos or a chrysotile/amosite asbestos mixture. 


The dry method used a dry blend of asbestos fibres (anywhere from 54 to 
904 by weight) with some combination of mineral wool, fibrous glass, portland 
cement, gypsum or water soluble resins. These dry materials were blended and 
plown through the delivery pipes with an air stream. As the dry material left 
the nozzle, it passed through a ring of water jets. This wetted the dry 
material thoroughly, activated the binders, and stuck the product to the 
application surface. The material had a much lower density as applied (less 
than 15 pounds per cubic foot) and was usually applied in thicknesses from one 
to two-and-one-half inches thick. Often an adhesive was applied to the surface 
of the fibrous mat. The material was also often rolled or tamped into place 
although with the lower density the product remained softer than the wet— 
applied product. The formulations usually contained one of two types of 
asbestos: amosite (usually more than 50% by weight) or chrysotile (5% to 502 by 
weight). Crocidolite asbestos was less commonly used in North America but is 
found in a small number of the dry-applied installations. The asbestos content 
is often found to vary significantly from one location to another within a 


single building because of the method of mixing and application. 
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The pre-formed thermal insulating blocks found extensive use for lagging 
pipes, boilers, furnaces, etc. from the mid 1920's until the early 1970's. As 
in the case of the sprayed materials, many different binders and fibre contents 
are found in these products although magnesium-carbonate or calcium-silicate 
bonded blocks predominate. Both amosite and chrysotile were used in these 
products, depending on the manufacturer and the application for which the 
product was intended. llost of these products when applied are held in place 
with wire or wire mesh and are coated with a jacket of painted paper, canvas or 


cottone 


A number of other products containing asbestos were also used for 
specialized lagging purposes on piping or electrical conduit. These 
specialized products include rope lagging. (specifically for use on elbows or 
awkward shapes), corrugated asbestos paper (used for moderate temperature 
piping), or cable listing (a ribbon-like asbestos textile used for insulating 
electrical cables). Asbestos paper was also used in some electrical insulation 
applications. Asbestos fibre was also incorporated in products mixed with water 
and applied on elbows, valves, boilers,or irregular shapes. These products 
were called asbestos cement, asbestos insulating cement, finishing cement, or 
cold water pastee Like the pre-formed blocks, many of the installations of 
these products were coated with a layer or layers of paper or cloth and were 
often painted. In’ this form it is difficult’ to° identify: immediatelyiies 
presence in a building unless the covering has become damaged. The pipe and 
boiler insulation tends to become very dusty after it has been exposed to 


elevated temperatures in use. 


The installation of sprayed material (12) and pre-formed insulating 
blocks (8) as well as some non-friable asbestos-containing building products 
such as patching and taping compounds(13}, have been shown to expose the 
worker to very elevated levels of asbestos fibres.- Only the sprayed material 
and the pre-formed insulation block or lagging products used for boiler, 
furnace or pipe insulation have been shown to produce elevated levels either in 


place or during demolition. 
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ASBESTOS-CONTAMINATION IN BUILDINGS 


As stated in a recent report on asbestos, “Asbestos is only harmful if 
fibres are released and inhaled, and thus measurements of dust concentrations 
or some estimate of them is necessary to assess the exposure of the individuals 
to asbestos and thus any possible risk to them.” (14) Several reports have 
been issued which attempt to quantify the level of airborne asbestos in build- 
ings. These will be reviewed in this section. Data from a number of Ontario 


buildings is presented in a later chapter of this study. 


Modes of Contamination 


The general modes of contamination of building air by asbestos fibres 
from friable insulating material have been identified by Sawyer (9) and 


slightly modified by Lory et al. (15). These modes of contamination are: 


(a) Fallout or erosion produces a continuous low level of fibre release. Lt 
is caused by degradation of the insulation material or by air flow 
over the material, as in an air plenum. 

(b) Impact produces a high release rate of fibres when the surface is sub- 
jected to mechanical impact. This impact may be due to routine activity, 
maintenance or vandalism. 

(c) Secondary dispersal or re-entrainment is produced by the disturbance of 
asbestos fibres which have already fallen onto interior surfaces.e The 
amount of contamination produced by this mechanism depends on the amount 
of material which has settled. This secondary dispersal may be due to 


normal activity or building cleaning. 


(c) These mechanisms are shown diagrammatically in Figure l. The influence 
of the various modes of contamination have been reported in several publica— 


tions (9, 11, 15) and are summarized in Table bie 
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FIGURE 1 


MODES OF CONTAMINATION 


SPRAYED ASBESTOS - 
CONTAINING CEILING MATERIAL 
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TABLE IL 


MODES OF CONTAMINATION 


MODE CAUSES FREQUENCY __ FIBRE RELEASE RATE 
FALLOUT / AIR HOVEMENT, CONSTANT LOW 
EROSION VIBRATION, 
DETERIORATION 
IMPACT MAINTENANCE, OCCASIONAL HIGH 
ACCIDENTAL 
IMPACT : 
SECONDARY JSUAL ACTIVITY, FREQUENT LOW TO HIGH 
DISPERSAL / CUSTODIAL 
RE-ENTRALNMENT SERVICE 


Sebastien (11) concluded after extensive air monitoring that the levels 
due to fallout or erosion alone were always very much lower than when activi- 
ties producing secondary dispersal or re-entrainment were operating. This 
observation clearly indicates that air samples taken under conditions of still 
air are not an accurate measure of the level of occupant exposure in normal 


usee This has been confirmed by Sawyer (9). 


Although impact certainly results in the highest short-term release 
rate, it is extremely difficult to measure the airborne fibre levels produced © 
by this occasional phenomenen. Sebastien concluded that the mechanism of ipoltu- 
tion inside a sprayed building occurs as follows: sedimentation of “large” 
particles by fallout, erosion,or impact followed by fragmentation and secondary 
dispersal. Therefore, Sebastien concluded that secondary dispersal seems to 
be the sufficient condition to establish measurable pollution — the necessary 


conditions being provided by fallout, erosion, or impact. 


See 


Saul 
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Typical Levels Detected 


In an effort to determine whether the presence of a friable asbestos 
material in a building actually results in elevated airborne fibre levels, air 
monitoring has been.widely weed (9, 10; eee o sets, 19, 24, Zig). ie 
results have been quite variable within a single building, within the results 
of a single study and between different studies. Often the results are not 
comparable between different studies since different methods of monitoring or 
fibre counting have been usede There also appears to be some systematic 
variability between airborne levels measured in different yeographical 
locations. This may be due to the experimental method or may in fact be a 


yenuine phenomenon. 


Results obtained in the studies reported here have generally been 
analysed by either the optical microscope using the phase contrast method or by 
transmission electron microscopy (TEM). Although several authors have attemp- 
ted to relate results obtained by these methods, there is generally poor corre= 
lation between the methods (16, 17, 24, 28). The results obtained by each of 


the methods will be considered separately. 


Optical Microscopy 
The results obtained by various authors (9, 18, 19, 39) using optical 


microscopy are summarized in Table III. It should be stressed that optical. 
methods do not identify the fibres observed in the microscope. Any particle 
with a length greater than 5 micrometres and a length to diameter ratio of 3 to 
1 or greater is included in the count. This will result in non-asbestos fibres 
being included in the air sampling results. The very fine fibres of asbestos 
(usually less than U.3 micrometres) are below the effective resolution of the 
optical microscope and these fine fibres will not be observed by optical 
microscopye While it is generally accepted that 0.1 fibres per millilitre of 
air (f-mL-l1) represents the lower limit of reliable quantitation for analysis 
by phase contrast microscopy (29, 30), many authors report fibre concent rantors 


of less than 0.1 f.mL-l . Their results will be used as originally reported. 


TABLE IIL 


Airborne Asbestos in Buildings 
Analysed by Optical Microscopy 


Mean Count Numbe z poe lene 
Conditions of Sample Collection es unts Sum per an. a_Deviation 
Ca I ee fibre.mL-l1 Samples ; = 
fibre.mL 
eT ; aye eel 8.) 
| Sprayed crocidolite, behind suspended ceiling, Os05 4 0.03 
no air plenum 
| ‘ ; : (18) 
| Sprayed amosite/fibreglass, behind suspended 0.03 5 0.01 
ceiling, no air plenum 
; . ‘ (18) 
Sprayed amosite/fibreglass/chrysotile, 0.04 4 0.01 
behind suspended ceiling, no air plenum 
Sprayed crocidolite, behind suspended cei neta 0.04 5 0.04 
no air plenum 
; ss (18) 
Sprayed amosite/chrysotile, behind suspended 0.04 4 OZ01 
ceiling, used as air plenum 
: ; ; : (18) 
Sprayed crocidolite/amosite, behind suspended 0.05 6 0.01 
ceiling, no air plenum 
BP eect gto) 
Sprayed amosite, exposed through holes in tile 0.18 4 0.05 
: : : : (18) 
Sprayed chrysotile, in auditor ium 0.10 3 0.02 
(18) 
Sprayed amosite, exposed on roof deck 0.06 6 0.01 
Sprayed crocidolite/amosite, behind suspended oo, 0.01 4 0.005 
ceiling, no air plenum 
: Hee LS) 
Sprayed amosite, behind suspended ceiling, 0.04 3 0.01 
no air plenum 
eae (18) 
No asbestos (average of three buildings) O73 15 0.01 
Worker checking ventilation in ceiling space 1.3 4 sig 
with sprayed asbestos 
; spe ce pee CES) 
Worker altering ceiling fittings in ceiling las 4 0.6 
space with sprayed asbestos 
‘ she we (18) 
Worker removing ceiling tiles in ceiling 5.45. Z. 0.07 
space with sprayed asbestos 
nie : reoreste se tee: 
Worker wiring and moving cables in ceiling 0.93 4 0.78 


space with sprayed asbestos 


TABLE III (continued) 


Mean Counts Number of atoniaed 
Conditions of Sample Collection : ik Deviation 
fiber.mL _ Samples | . mt 

fibre.mL 


(9) 


Library, exposed 20% chrysotile, quiet 02 gS O02 
conditions 

Library, exposed 20% chrysotile, cleaning 3) Lis ye: 3 Ont 
books 

Library, exposed 20% chrysotile, re-lamping (9) 1a 2 Ont 
hight. fixtures 

Library, exposed 20% chrysotile, removing (9) ny ey 3 Sree 
ceiling section 

Library, exposed 20% chrysotile, installing 2 cow 6 Zao 
track lights 

Library, exposed 20% chrysotile, installing (9) bed S| ONG 
hanging lights 

Library, exposed 20% chrysotile, installing (9) ee 4 ites 
partition 

Library, exposed 20% chrysotile, dry sweeping (9) B65 S) O+7 

Library, exposed 20% chrysotile, dry dusting -) 4.0 6 | aa 

Library, exposed 20% chrysotile, normal 4 0.2 36 0.1 
inhabitant activity 
; : ‘ F (19) 

Office, exposed 5 to 30% chrysotile, vigorous 2.8 8 eo 
dusting 
4. (19) " 

Private home, removing amosite and chrysotile 4.1 8 1.8-5.8? 
pipe lagging 

5 : (19) 

Dormitory, exposed 98% amosite, general On ~ 0.0-0.8* 
activity 

Warehouse, badly deteriorated, falling and Se 0.26 8 O.1-1.26* 
exposed crocidolite, low activity 

Warehouse, badly deteriorated, falling and a8. 2226 8 0.03-10. 31: 
exposed crocidolite, high activity 

Warehouse, badly deteriorated, falling and (39) 11.89 16 0.3-52.6%* 


exposed crocidolite being disturbed 


*Range (fibre.mL~1) 


Leis 


Considering the data from the South Australian Health Commission CLS ort 
is clear that the levels of airborne fibre in buildings sprayed with asbestos~ 
containing material are very similar to the fibre levels detected in buildings 
without asbestos, under normal conditions.e The average background fibre level 
in buildings without sprayed asbestos fibre was 0.03 £.mL-l with the 
maximum value 0.05 f.mL-l- Only two buildings-- one which contained sprayed 
amosite which was exposed through holes in the ceiling tile, and one with 
chrysotile in an auditorium --showed significantly elevated fibre levels. 
Therefore, on the basis of these results, one of two conclusions can be drawn: 
either only the two buildings show any need of remedial action, or the optical 
method of air monitoring is inappropriate to determine the potential hazard in 
a building. Im fact, the authors suggested that both of these conclusions may 


be valid. 


The more significant data from this source, particularly by comparison 
to the samples taken under normal conditions, are the personal samples taken on 
maintenance employees- These results obtained from workers engaged in mainten~ 
ance above the suspended ceiling are very significantly elevated, ranging from 
0.93 to 5.45 femL-l. These samples were all obtained as personal samples taken 
for the duration of the work. In none of the cases monitored was the sprayed 
coat directly disturbed. The report concluded that “maintenance and alteration 
work in buildings containing sprayed asbestos carried a much greater potential 
risk than does simple occupancy of the building” and that “precautionary 


procedures were clearly indicated in such operations," 


Data reported by Sawyer (9) from the Yale library appears to generally 
confirm the above conclusions regarding the fibre levels in general occupancy 
relative to maintenance and alteration work. Sawyer's data was obtained in a 
building sprayed with a mixture of asbestos (154 chrysotile by weight), fibrous 
glass, and cementitious binder in a fully exposed conditione Sawyer describes 


the material condition as follows: 


"The exposed and friable ceilings soon began gradual deterioration as 
air currents, ventilation leaks, and vibration resulted in fiber loss. In 


addition, many of the ceilings, only 80 in. (203 cm) nigh in some areas, were 
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easily reached and were subject to both accidental and capricious contact." 
Sawyer also describes “the dislodgment of a full thickness of ceiling by 
students. Electrical and plumbing services were enclosed above the suspended 
ceilings, and coated Sheetrock formed the floor of the forced-air plenums that 
ran the length of most rooms. Maintenance work and installation of fixtures or 
partitions involved contact with the ceiling, and fibre release.'' In spite of 
these conditions, samples taken in quiet conditions yielded fibre levels of 
only 0.02 f.mL-l. Samples taken with normal activity yielded levels of 0.2 
f.mL-l. Situations involving the impact or strenuous secondary dispersal modes 
of contamination (dry sweeping or dusting) resulted in much higher levels of 


airborne, fibres,.J.4 a.mlal) to 1/./ f2mL-1. 


The next three entries in Table III (19) also appear to agree with these 
two studies. General activity in a dormitory with exposed 98% asbestos 
produced average fibre levels of only 0.1 f.mL-l, whereas impact or secondary 
dispersal reported in other bukdnemmodiced levels all in excess of 2 
f.mL-l. The use of asbestos pipe lagging in older residences with hot water 
heating is not uncommon and de-lagging of this piping can produce the levels 
shown in Table III. This is the only significant use or potential hazard in 
residential construction. The last three results in Table III (39) were 
collected in a warehouse where fallen crocidilite was widespread on the floor 
and fixtures. The measured fibre levels ranged from 0.26 to 11.89 depending 
solely on the activity level. There was still a very wide spread of individual 


results as shown in Table III (a factor of greater than 100 in each case). 


The Advisory Committee on Asbestos (10) has also reported results based 
on optical microscopy from 1,102 buildings in which asbestos was thought to be 
present. This included buildings where the asbestos only occurred as non- 
friable tile or board products. Only 215 buildings were monitored as a 
response to a particular suspected or actual problem. Out of all these 
results, only 34 buildings showed airborne fibre levels above 0.05 f.mL-l. Of 
these buildings, 20 were in the range of 0.05 f.mL-l to 0.08 f.mL-1l; ten were 
in the range of 0.08 f.mL-1 to 0.2 f.mL-1; and four were above 0.2 f.mL-l. They 
concluded that the “general level of atmospheric dust encountered is probably 


higher than would emerge from a systematic survey of buildings, but it is 


impossible to draw any further general conclusions." 
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Byrom et.al: (27) performed air monitoring in a large number of buildings 
utilizing various asbestos products in their construction. None of the 14 
buildings containing asbestos~cement sheeting or panels showed airborne fibre 
levels above 0.05 femL-1. Two out of 30 buildings with asbestos~containing 
insulation board, and one out of 18 buildings with sprayed asbestos, showed 


levels above U.05 f.mL-l. 


The optical results reported in this section appear to indicate that 
optical fibre levels under normal conditions are generally quite low in 
buildings containing sprayed asbestos or friable asbestos block. Only in 
buildings containing sprayed material which is in unusually poor or exposed 
condition do the fibre levels appear to be significantly elevated above back 
ground levels in normal conditions. Even in these buildings low fibre levels 
are sometimes measured. Therefore, it does not appear possible to use optical 
microscopy of air samples to determine the undisturbed exposure potential ina 
building. This conclusion has been drawn by both the South Australian Health 


Commission (18) and the U.S. Environmental Protection Agency (4). 


Maintenance activities around friable asbestos containing material or 
dry cleaning methods consistently appear to produce elevated airborne fibre 
levels which are readily detected by optical microscopy. None of the studies 
reported here used non-optical methods to identify the airborne fibres detected 
and therefore these results may be somewhat elevated by non-asbestos fibre. In 
spite of the deficiencies in optical methods, these results indicate that main- 
tenance, alteration,and custodial work carry a greater potential for airborne 


fibre exposure than does simple occupancy of a building. 


Transmission Electron Microscopy 


The results obtained by optical microscopy reported in the previous 
section indicate that airborne fibre levels in buildings containing sprayed 
asbestos are usually not significantly above background values under normal 
building conditions. However, a large fraction of airborne fibres are not 


visible in the optical microscope. Nicholson et al, (24) concluded after 
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obtaining no correlation between optical microscopy and transmission electron 
microscopy (TEM) that only the latter was appropriate to determine asbestos 
fibre contamination in building air. The analytical methods of transmission 
uicroscopy have changed since the Nicholson Report and in general there is a 
greater range of analytical methods used in TEM. The change in analytical 
methods results in some apparent discrepancy between authorse Generally 
asbestos fibre concentrations are reported on a weight basis (nanograms per 


cubic metre, ngem-3). 


Results published by three different authors (ll, 19, 24) are summarized 
in Table IV. Sebastien (11) reported results from 161 outdoor samples taken in 
the Paris area that showed 994 of the asbestos fibre levels were below 
7 ngem-3. It was concluded that “after a detailed study of the background of 
ambient asbestos levels in the metropolitan areas of Paris, it was possible to 
characterize as abnormally high any concentration higher than 7 ng-m-3." 
Sebastien and co-workers concluded that these “abnormally” high asbestos fibre 
levels were more common in buildings with fibrous asbestos (as opposed to 
cementitious material), in buildings with obvious material deterioration, in 
buildings with exposed material,and in buildings with a high level of activity. 
They were not able to develop any mathematical relationship between asbestos 
fibre levels, the characteristics of the material or building or the activity 
in the building. According to their report,"“It is technically possible to 
determine whether a building is polluted or not after an air monitoring program 
employing TEM,'' The asbestos fibre levels in the buildings with the abnormally 
high fibre levels are “as high as those measured in the neighbourhood of 


asbestos plants where cases of mesothelioma have been reported," 


The earlier results of Nicholson (24) disagree in some respects with 
those of Sebastien. The background levels in asbestos-free buildings range up 
to 42.U ngem-3 and in outside air up to 87.0 ngem-3 although the average of 
these areas is considerably lower at 9.2 and 13-9 nyem-3. The analytical 
technique used by Nicholson (the so-called rubout technique) has not been 
widely used but would not be expected to produce erroneously high levels in any 


CaS€o 


TABLE IV 


Airborne Asbestos in Buildings 


Analysed by Transmission Electron Microscopy 


ay Number of ceraashsiy 
Conditions of Sample Collection Concentration a Results 
SSeS z Samples Z3 
ng.m ng.m 
PE = adit ce 2 aa SP wean, ant een rt Rate 
B44: ; Ci) 
\ilding A, basement, exposed chrysotile, 20 6 0.4-751.0 
normal activity 
ae Ns west AS 30 (11) 
1ilding A, tower, chrysotile in air plenun, 1273.0 3 3.0-28.0 
normal activity 
5 (11) 
1ilding A, upper floors, asbestos located D1-0 39 0.3-630.0 
behind perforated panels 
ee ‘ (11) 
silding B, hangar, exposed amphibole and 70.0 9 1.0-492.0 
chrysotile, building not yet in use 
uilding C, chrysotile behind suspended Gt) 0.1 3 0.1-0.2 
ceiling, no air plenum 
Aur ‘ yah cid) 
uilding D, behind suspended ceiling, 320 4 0.6-5.0 
no air return 
uilding E, fibrous, exposed one 29.0 un ~ 
:. ay (11) 
uilding F, cementitious, exposed 19.0 4 5.0-40.0 
uilding G, cementitious on structural steel (it) 2.0 3 0.1-3.0 
Paes ; (11) 
uilding H, exposed, fibrous 16.0 3 0.1-134.0 
pau eu (11) 
Suilding I, exposed, cementitious 0.4 7 0.1-2.0 
Pee eee (11) 
3uilding J, fibrous, in air plenum 3.0 3 0.6-7.0 
Building K, rail station, exposed, fibrous GY 15.0 3 _ 10.0-24.0 
Building L, exposed, degrading ieeeorile 20.0 4 12 .0-34.0 
painted, no air recirculation 
; ; (11) 
Building M, apartments, fibrous chrysotile, Pa) 4 0.3-2.0 
in basement garage 
Building N, apartments, fibrous Leow Oo PO) | 8.0-42.0 
in basement garage 
Building 0, exposed, degrading acoustic oe 20.0 4 0.4-62.0 
Building P, cementitious, fully enclosed ae 30 4 0.8-7.0 
1 
Building Q, cementitious, fully enclosed Ey 0.8 4 0.3-1.0 
LE 
Building R, enclosed, behind suspended ceiling sy) 9.0 S 2.0-12.0 
Ly 
Building S, exposed, degrading seouatiics ) 0.1 3 0.1-0.1 


TABLE IV (continued) 
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Mean unberes Range of 
Conditions of Sample Collection Concentration Results 
=3 Samples =3 
ng.m ng.m 
catenin Salata Tot 
ea cae (11) 
Seven control buildings, no asbestos be 16 0.1-12.0 
Outside air in twenty one locations ar) 0.96 161 0.1-9.0 
Office building, cementitious, in air plenum — LZ 0 3 2.6-17.0 
Office building, cementitious, in air plenum re jae 3 2.6-11.0 
University cafeteria, exposed, acoustic ia) Jipegs 3 O70-3A7 
Office building, fibrous, in air plenum Se S67 a 0.0-25.0 
Office building, cementitious, in air plenum 9) 68.0 3 11.0-180.0 
Apartment building, asbestos in spray paint 2m) See 4 0.7-17.0 
Government building, cementitious, in air plenum ny ies 4 1.2-10.0 
University laboratories, exposed, acoustic Se 41.0 6 3.7-160.00 
Office building, cementitious and fibrous, on oe 29.0 9 0.0-55.0 
structure and deck 
eke (24) 
Office building, fibrous 2950 6 0.6-56.0 
Office building, fibrous, on beams and deck 2a) 38.6 4 6.6-97.0 
Tas (24) 
Office building, fibrous BE AO 5 6.4-14.0 
, cee : (24) 
Office building, fibrous 200.0 5 12 .0-830.0 
; yet, is (24) 
Office building, cementitious plaster 9.5 2 0.9-18 
Office building, cementitious, on columns eo L2RO 6 1.4-23.0 
Airport terminal; fibrous, coated with paint oo 17.0 8 2.9-190.0 
Gymnasium, fibrous, coated with paint ee 2720 6 0.9-110.0 
Two control buildings, no asbestos vem a2 6 0.0-42.0 
Outside air, near 16 buildings above ee) 1339 26 0.0-87.0 
Office, exposed 18% chrysotile, routine activity ae 99.0 Zz 40.0-110.0 
under ceiling 
pre Killed) 
Same as above, remote from asbestos ceiling 40.0 1 - 
School, exposed 15% chrysotile, custodial (19) 643.0 2 186.0-1100.0 
activity 
Apartment, chrysotile and evennligen 2 296.0 1 - 


custodial activity 


pek9 


Nicholson, unlike Sebastien, found no evidence that erosion of asbestos 
fibre occurred from decorative or acoustic materials in good condition or from 
cementitious sprayed materiale An extremely wide range of airborne asbestos 
fibre levels was detected in buildings with fibrous asbestos CORO = 63 060 tie 
m-3). Although general conclusions were drawn regarding measured fibre levels 
and general building conditions, no correlation was made between airborne fibre 


levels and material condition. 


The results reported by Sawyer (19) for buildings under routine 
conditions also appear to be somewhat higher that most results reported by 
Sebastien as welle It is clear once again that monitoring performed during 
custodial activity shows very elevated asbestos fibre levels compared to 


samples taken during normal activity. 


The combined results of these workers, therefore, while indicating that 
buildings containing sprayed asbestos often have higher than background levels 
of airborne asbestos, cannot be used to determine potentially hazardous 
buildings. The measured air levels are indicative only of the fibre levels at 
the precise time of sampling and hence are quite variable even within one 
building. The elevated fibre levels during maintenance detected by optical 


microscope are also detected as elevated asbestos fibre levels by TEM. 


The results reported above will be supplemented in a later chapter with 
results obtained by Chatfield and Dillon in Ontario buildings. An attempt to 
systematically correlate their results with visual observations will also be 
made. Their results to date (20) appear to indicate that transmission 
microscopy even in buildings with fibrous asbestos are unpredictable and often 
not significantly above background. These results may have a bearing on the 


selection of the appropriate corrective action. 


4.1 
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HAZARD ASSESSMENT AND SELECTION OF CORRECTIVE ACTION 

The importance of secondary contamination in determining airborne 
asbestos concentrations has been pointed out in the previous section. It is 
clear, however, that a necessary condition for contamination is the prior 
release of asbestos from the asbestos~-containing material by fall-out, erosion, 
or impact. Therefore, in theory, it should be possible to evaluate the po- 
tential for fibre release by considering the condition and physical character- 
istics of the asbestos~-containing material. Although the airborne fibre levels 
reported in the previous section showed no quantifiable relationship with 
visual observations, there is obviously some relation between thesee The 
factors of importance in determining fibre release from a surface and various 
indices used to rate these factors will be considered in this section, along 


with a discussion of remedial routes available. 


Factors in Hazard Assessment 


The factors identified by the U.S. Environmental Protection Agency, 
(4, 21) which are important in determining the potential for fibre release in 


school buildings are as follows: 


(a) Condition of Material: Material condition indicates the extent of con- 
tamination and the likelihood of future contamination. This factor is a 
combination of quality of installation, adhesion of the friable material 
to the underlying surface, material deterioration,and damage. 
Delamination or deterioration of the material depends on the 
characteristics of the material itself (whether it shows signs of aging 
or loss of cohesive strength). Damage is incurred by either accidental 
or intentional contact. Evidence of debris can be a good clue to the 
condition of material, which may vary from minor deterioration and 


damage to widespread and severe material disintegration. 


(b) Water Damage: Water can dislodge, delaminate, and disturb asbestos 
materials that are otherwise in excellent condition. Water can carry 


fibres in the slurry to other areas in the building where evaporation 


Recs. 


will leave a collection of fibres that can become re-suspended in the 
aire Water damage will have a significant effect on selection of a 


corrective method, essentially eliminating certain types of sealants. 


(c) Exposed Surface Area: The exposed surface area of friable material has 
an effect on potential fibre fallout levels and the possibility for 
contact and damage- A useful criterion to apply for this factor is 


whether the friable material is visible. 


Asbestos material above suspended ceilings is not considered as exposed. 
However, if the ceiling panels are removed for routine maintenance 
activities above the suspended ceiling or are damaged due to vandalism, 
the asbestos material should be considered as exposed in that area. 
Areas with louvers, grids, or other open ceiling systems should be 
considered as exposed. However, exposed does not mean accessible, which 


is a separate factor. 


(d) Accessibility: If the material can be reached, it is accessible and 
subject to accidental or intentional contact and damage. Accessibility 
is a good indicator of possible future exposure caused by contact and 
damagee This factor should also include some consideration of the 
proximity of friable material to heating, ventilation, lighting, and 


plumbing systems requiring maintenance or repair. 


The behavior characteristics of the student population should be con~ 
sidered in evaluating accessibility. For example, students involved in 
sports activities may accidentally cause damage to asbestos materials 
on the walls and ceilings of gymnasiums. Material that is easily 


accessible is also subject to damage by vandalism. 


(e) Activity and Movement: This factor combines the effects of general causes 
that may result in contact with,and damage of ,friable material. These 


causes include air movement, building vibration from machinery or any 


Lewd 


other source, and activity levels of students or building workers. This 
factor is also an indicator of future exposure potential. Its value 

will be low in school libraries, offices, and most classrooms; moderate 
in some classrooms and in school corridors; and can be exceedingly high 


in gymnasiums and cafeterias. 


(f) Air Plenum or Direct Air Stream: Friable asbestos material contained 
within an air plenum or in an air stream, if undisturbed, has very low 
potential for contaminating the building environment. However, it must 
be considered since contact and damage may occur during maintenance, 
repairs, and renovation. In dealing with asbestos material located in 
air plenums, special attention should be given to a management system 


described in Section 5. 


(g) Friability: The asbestos materials can vary in their degree of fria- 
bility. The more friable the material, the greater the potential for 
asbestos fibre release and contamination. Sprayed asbestos material is 


generally more friable than most troweled materials. 


(h) Asbestos Content: The percentage for all the types of asbestos present 
should be added for the total asbestos content. With a high percentage 
of asbestos, there are more fibres that can be released and contaminate 


the building environment. 


These factors are largely subjective and depend on the judgement of the 


person or persons performing the inspection. 


The techniques of performing an inspection, deciding on the particular 
factor, and methods of bulk analysis have been described in detail elsewhere 


(4, 15, 19, 26) and will not be covered in this study. 
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Other factors can be also taken into account. The Toronto Board of 
Education adds an additional factor depending on whether chrysotile or amosite 
is present in the asbestos~containing material (21). (No crocidolite was 
identified in the buildings in their jurisdiction.) A higher factor is 
assigned to an installation containing amosite which reflects the stricter 


proposed Ontario occupational exposure standard for amosite G23)< 


The United States Navy has developed a risk index (15) which, in 
addition to the factors included by the Environmental Protection Agency, also 
considers the number of occupants in an affected area and the duration of 
occupancy in that areae This is the only known rating index which attempts to 


consider the building occupancy in a quantitative fashion. 


4.2 Exposure Hazard Indices 
Although the factors listed above are largely subjective, a number of 


algorithms which mathematically combine various factors into a single exposure 
risk factor have been developed. The most widely known was published in draft 
form by the Environmental Protection Agency in 1979 (21). It is included here 
as Appendix A. The Ferris Index (named after Dr. Be Ferris, who developed tne 
scale) was used to rate the potential contamination in Massachusetts public 
schools (25). The Toronto Board of Education has used a modified Ferris Index, 
mentioned earlier, on all schools in its jurisdiction using a single inspector 
to maintain uniformity. The scale is included here as Appendix B. The U.S. 
Navy Risk Evaluation Index (15), also mentioned earlier, is included here as 
Appendix C. This index incorporates physical observations of the material and 
installation (friability, accessibility, condition,and activity in the area) 
with the percentage of asbestos to produce a single level of exposure factor. 


These factors have an extremely large spread from 0.0002 to 470,000. 


The Ferris Index, Toronto Board of Education Index, Environmental Protec— 
tion Agency Exposure Algorithm, and the U.S. Navy Risk Evaluation Index all 
produce a single number which in some way should theoretically express the rela- 


tive hazard of the particular installation. In addition, all of these, except the 
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Toronto koard of Education Index, specify a particular appropriate action or 
range of actions which should be undertaken for an installation with a 
particular ratings Although the factors which make up these indices are 
obviously important in determining airborne fibre levels, there as yet has been 
no evidence put forward to correlate these indices with airborne fibre levels. 
Therefore, the indices, while providing a satisfactory method of comparing a 
number of different installations, should be used with caution. They should not 
be used to determine appropriate remedial action or whether remedial action is 


required without taking into account other non-quantifiable factors. 


As pointed out in Section 3.2, cleaning and maintenance activities have 
a major influence on determining airborne fibre levels in a building. There- 
fore, the care exercised by the maintenance staff of the building, cleaning 
methods used in the building, and the ability of the building management to 
control outside contractors working in the building (telephone, telecommunica- 
tions, etce) will have a marked influence on the selection of remedial action. 
Although these factors can be partially accounted for under the level of 
activity factor in the indices, the data in Section 3.2 implies that they 


should be considered separately. 


These rating factors will be compared with transmission electron micro- 
scope visible fibre levels in a later chapter of this study. This will be 
important in determining whether in fact there is a correlation between the 


measured levels and the indices. 


Selection of Asbestos Control Procedure 


Once friable asbestos~containing material has been identified in an 
area, some form of control action must be taken. The procedures which have 
been used to date fall into one of the following categories: 

(a) Management and custodial control (or deferred action): Asbestos is left 
as in the building. Procedures are established to reduce or minimize 


any potential fibre release. 
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(b) Enclosure: asbestos-containing material is enclosed behind a solid 
barriere 
(c) Encapsulation: asbestos-containing material is coated with a bonding 


agent or sealer. 


(d) Removal: Asbestos material is removed and disposed of by burial. 


The first of these options-- management and custodial control— should 
always be instituted once friable asbestos material has been identified in a 
buildinge It may be merely a temporary precaution taken before one of the 
other options is implemented or it may be an acceptable long term means of 


preventing any potential exposure to airborne asbestos. 


The advantages and disadvantages of each of these methods have been 
summarized in an Environmental Protection Agency publication (4). This is 
reproduced here as Table V. Several additional points not covered in the 
original table have been added. Each of the methods will be discussed 


separately below. 


Although Table V covers most of the physical factors determining which 
of the control measures is appropriate in any installation, usually other 
factors are used for the choice of optione Employee, newspaper, or public 
pressure have often resulted in clearly unnecessary or inappropriate work being 
performed. This will hopefully decrease as a more rational or cautious 
approach is adopted. Consideration of the future use of the building is a very 
important factor. That is, if a building is to be renovated shortly, a manage 
ment system could delay removal so that removal and renovation can be perforined 
together. If major renovations are to be performed, then usually removal 


becomes the safest and most economical corrective action. 


The control which a building owner has on the tenants of the building is 
a very significant factor. If tenants of a building cannot be prevented from 
disturbing the material, then management and custodial action is usually 
inappropriate unless the product has a very low potential of fibre release. 


Economic factors are also of major concern in selecting a corrective action 
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since typical costs might range from almost zero for management to twenty 
dollars per square foot for the most difficult removal and replacement. These 
factors must all be considered by the building owner for the particular build- 
ing but the physical factors in the selection of corrective action will be 


chiefly discussed here. 


Management and Custodial Controls 
This option, which is also referred to at times as deferred action, is 


appropriate in cases where the potential of airborne fibres is low and a 
procedure for controlling or monitoring future exposure can be established. It 
is the method which is usually selected for friable pipe insulation or for 
undeyraded cementitious materials. The chief advantage of this option is that 
it results in a minimal direct cost to the building owner. It does require the 
establishment of a management procedure and the training of maintenance 


workers. 


If renovations or demolition are to be undertaken during which the 
friable material will be extensively disturbed and result in elevated fibre 
levels, then at that time one of the other control options must be selected. 
For this reason, the term 'deferred action' is sometimes used to describe this 
option. In any building where one of the other control options is to be used, 
management and custodial control should be used as an interim measuree The 
procedures required to institute this option effectively are described in 


Section 5. 


Enclosure 

Enclosure is the least commonly selected means of corrective action. It 
has the major disadvantage of leaving the asbestos-containing material in the 
building. It is, therefore, necessary to provide some form of management and 
continued surveillance- The method, while usually less expensive than removal, 
is still relatively expensive. The installation of the barrier can also result 


in high airborne fibre levels. In addition, not all installation of asbestos~ 
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containing material can be enclosed due to the location of the friable material 
and space limitations.e It is most commonly used in areas where some action is 
called for due to the condition of the asbestos-containing material, but 


neither encapsulation nor wet removal are feasible. 


Encapsulation 


Encapsulation is a widely used method of asbestos control. The asbestos- 
containing material is sprayed with a bonding agent called a sealer or 
encapsulant. Two types of sealers exist: penetrants penetrate into the 
asbestos~containing material and harden the material; bridging sealers produce 
a continuous tough impermeable coating on the surface of the asbestos-contain- 
ing material. The method of performing this corrective work is covered in 


Section 6- 


Encapsulation should be limited to areas where contact damage will not 
occur subsequent to the application of the sealer. It is also important that 
the asbestos material to be encapsulated possess sufficient strength and 
adhesion to the substrate to support the additional weight of sealer. Since 
the sealers are all water based, the asbestos-containing material can become 
loosened when the sealer is applied. The asbestos-containing material remains 
in the building and therefore should be routinely inspected. It is also 
important that sealants which are used over fireproofing should not adversely 
affect the fire rating of the structure. This is an often overlooked aspect in 


the selection of this option. 


Removal 


If the condition of the buildings or the asbestos-containing material 
warrants some remedial action beyond management and custodial control, then 
removal is the corrective action most commonly chosen- Although this route is 
usually the most expensive, it has the major advantage of permanently removing 
the asbestos~containing material and resolving any potential problem. No 


further special precautions need be followed by building personnel. 
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If this work is improperly performed, there is a very great risk of 
contamination of the rest of the building, but this is true of all corrective 
actions and will be addressed in Section 6. The asbestos-containing material 
is generally removed wet to reduce fibre generation and is removed from the 
site in a sealed container. In Canada only Saskatchewan (31) considers 
asbestos to be a hazardous chemical substance and asbestos waste therefore can 
be disposed of at any sanitary landfill which will accept it in all other 
provinces in Canada including Ontario. In most buildings the removed 
asbestos-containing material must be replaced with asbestos-free material which 


also increases the total cost. 


ASBESTOS MANAGEMENT IN BULLDINGS 


Once a friable asbestos-—containing material is identified in am area, a 
program of management should be instituted to reduce any potential exposure to 
asbestos fibre. This management programme, under which maintenance, repair, 
and normal custodial duties are strictly controlled, may be a temporary measure 
prior to removal, enclosure or encapsulation of the asbestos-containing 
material. In many relatively stable installations, the use of a Inanagement 
programme is sufficient for long-term control of any potential exposure to 
airborne fibre. Techniques of performing custodial work (cleaning, etc.) and 


minor maintenance work will be covered in this section. 


Custodial Measures 


Sawyer (9) has described the effect of various methods of performing 
custodial work in a particularly contaminated library. The conditions in this 
building, which were described in Section 2 Qe). .obv Lousy indicated the need 
for removal of the asbestos-containing material. The management procedures 
were therefore instituted as a temporary measure prior to removal. The effects 


of various cleaning operations are summarized in Table VI. 
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TABLE VI 


Effects of Various Custodial Activities On Measured Airborne Fibre Levels 


(Personal Samples, NIUSH Procedure) | he 


Custodial Activity Fibre Counts Number of Samples 
(f-mL-1) 
Dry dusting, above waist level 4.0 6 
Wet cleaning, above waist level 0.3 4 
Dry sweeping, below waist level 1.6 5 
Wet mopping, below waist level 0.2 4 
Sample collected 20 ft. from dry cleaning 0.3 6 
Dry dusting of books 4.02 6 
Vacuuming books with high efficiency 0.4 8 


particulate absolute vacuum 


Damp wiping of shelves 0.2 4 


These data indicate the significant reduction in fibre levels which is 
possible using either wet techniques of cleaning or a high efficiency particu- 
late absolute (HEPA) filtered vacuum. These vacuums contain a filter which is 
certified to filter particles down to 0.3 micrometres with a minimum efficiency 


of 99.974. This is a level of filtration far Superior to a non-HEPA vacuum. 


The conscientious use of these modified cleaning methods reduced air- 
borne fibre levels by a factor of eight or mores In a building where the con- 
tamination is of a less serious nature due to a more stable asbestos containing 
material, the use of these techniques can reduce the measured airborne fibre 
levels to background levels. In addition, any potential bystander exposure 
(shown in Table VI as exposure at 20 feet from the worker) can be reduced or 


prevented by scheduling the work when the area is unoccupied. 


The wet cleaning methods or HEPA vacuum will effectively remove a 
significant part of the accummulated asbestos fibre-containing dust from the 
building and the asbestos fibre levels will be reduced for some time after 
this.e The wet cleaning or HEPA vacuuming must be performed on a regular basis, 
but normal cleaning methods can be used between these occasions. The frequency 
of the wet cleaning or HEPA vacuuming cannot be easily defined, however, and 


depends on the factors described in Section 4.1. 


The U.S. Navy (32) has adopted the hygiene practices developed by the 
Asbestos Research Council (33) for cleaning of facilities containing friable 
asbestos materials. These guidelines are attached as Appendix D. The 
recommendations, which are largely for an industrial type of building, can be 


summarized as follows: 


(a) FLOORS: Remove visible contamination by regular cleaning with a 
dustless method, preferably with a HEPA vacuums Alternative methods 
include wet mopping or chemically impregnated mopse The cleaning 
equipment should be used only for asbestos-related work and treated 


appropriately. 
(b) WALLS: Annual cleaning with a HEPA vacuum or wet cleaning. 


Cc) MACHINERY AND EQUIPMENT: Remove visible contamination by cleaning with 


HEPA vacuum or wet method. 


(d) OVERHEAD PIPES OR EQUIPMENT (not behind suspended ceiling): Clean 
annually or when visible dust has accumulated. This should be done with 
a HEPA vacuum or wet methods and the cleaners should wear protective 


masks and clothing. 


These above recommendations can be adopted for any specific building 
where friable asbestos is found and not yet enclosed, encapsulated ,or removed. 
Bystander exposure should be kept to a minimum by scheduling the work for a 
time when the building has a minimum number of occupants. This timing is not 


usually a change from normal custodial activity. 
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Minor Maintenance 
Stor saintenance 


The results reported in Section 3.2.1 indicate the importance of impact 
during during maintenance on airborne fibre levels. For any programme of 
Management and custodial control to be effective, certain procedures must be 
followed in minor maintenance where asbestos fibres may be liberated. The 
general techniques have been described elsewhere (34) and training courses have 


been established to instruct maintenance employees in this work C353) 5 


The procedures follow the general guidelines: 


(a) enclose the work or work area; 

(b) protect the worker: 

(c) minimize fibres in the air; 

(d) use correct clean-up and disposal methods. 


The way these guidelines are applied in practice will vary depending on 
the type of work, location of work, and the likelihood of fibre release to the 
air. These guidelines will apply to all work in contact with friable asbestos 
or behind any barrier which hides a friable asbestos product such as a suspen- 


ded ceiling. 


Enclosing the work or work area will reduce the spread of fibres to the 
Surrounding area. Although the fine fibres cannot be easily enclosed, larger 
particles or lumps should be confined to the work area by the enclosure. If 
the work is relatively extensive in an occupied area or has a risk of dis- 
turbing a significant amount of asbestos-laden dust, the enclosure may be quite 
elaborate and well sealed. In other instances, a drop sheet adequate to 
prevent any lumps of asbestos falling to the floor can be acceptable if 


combined with procedures to minimize dust generation. 


The results presented in Section 3.2.1 indicated that the worker may 
generate high local fibre levels. Therefore, the worker should be equipped 
with an appropriate asbestos approved mask and protective clothing (usually 
disposable) to prevent contamination of personal clothing. The worker should 


be instructed in the correct use and maintenance of this equipment. 


fb 


Airborne fibres can most effectively be minimized by working only with 
material that has been wetted prior to disturbance. Sawyer (9) has shown that 
airborne fibre levels can be reduced when material is wetted before distur- 
bance. Often a surface active agent is added (9, 19) to the water to aid pene 
tration and this has been shown to further reduce airborne fibre levelse A 
second method of reducing the airborne fibre levels is by vacuuming surfaces 
with a HEPA vacuum. This is particularly important on the top of suspended 


ceiling tiles. 


At the completion of the minor work, the area and any contaminated 
equipment should be properly cleaned using the techniques described in Section 
5.1. The asbestos contaminated material should be sealed and correctly dis- 
posed of. If a substantial quantity of asbestos-containing waste is generated, 


then provincial guidelines (36) must be followed in disposal. 


Ideally, work should be performed outside normal working hours to reduce 
the number of bystanders. All personnel other than the maintenance personnel 
should be denied access to the immediate work areas If work is to be performed 
above a suspended ceiling below sprayed asbestos-containing material, the South 
Australian Health Commission (34) has recommended either one of two procedures 


be followed. The first procedure is described as follows: 


(a) The work shall be carried out when the room concerned has been vacated 
and the air conditioning or other forced ventilation system turned off. 

(b) The floor and the furniture within a 4-metre radius of the ceiling 
opening shall be covered with plastic sheeting sealed along joints with 
masking tape or a similar material. 

(cy the first tile shall be lifted carefully, so as to minimize the amount 
of dust spilled off it. Before further work is carried out, the tops of 
any additional tiles which are to be removed, and the tops of adjacent 
tiles, shall be thoroughly vacuum cleaned. 


(d) After the work is completed and the ceiling tiles are back in place, the 
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workers shall decontaminate themselves by vacuum cleaning their outer 
clothing. Their ladder, tools, etc- shall also be vacuum cleaned. 

(€) The floor, walls, furniture, and fittings within a 4-metre minimum radius 
of each ceiling opening shall be thoroughly vacuum cleaned before 
allowing unprotected personnel to enter the room and before the air 


conditioning or ventilation system is again turned on. 
The second acceptable procedure is as follows: 


A floor-to-ceiling enclosure, constructed from a lightweight frame 
covered with heavy-duty plastic sheeting and with an integral floor sheet shall 


be used as a portable enclosure- The method of operation shall be as follows: 


(a) The enclosure shall be erected under the tiles to be removed and sealed 
at the ceiling and at the base. Access to the enclosure shall be so 
organized that the workmen cau seal it off from the inside and the 
enclosure shall be as airtight as possible when so sealed off. 

(b) If ventilation air either enters or leaves the enclosure, then the 
ventilation system shall be either turned off completely or that part of 
it isolated. 

cc) The equipment to be used (vacuum cleaner, step ladder, tools, etc.) 
shall be placed inside the enclosure. 

(d) The workmen, suitably protected, shall enter the enclosure, seal it off, 
and carry out the work. 

(e) When the work is completed and the ceiling tiles back in place, the 
inner walls, floor,and ceiling of the enclosure, all the tools and 
equipment, and the workmen themselves shall be vacuum cleaned. 


(f) The enclosure can then be dismantled. 


A draft specification for asbestos pipe covering removal or other minor 
sprayed fireproofing removal from Public Works Canada, Ontario Region, is 


attached as Appendix E (44). These are typical of the simplified specifications 
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used in small removal operations. The wetting technique described in Section 
7.2 of the specification is somewhat unusual as normally the material must be 
wetted with a fine spray of water instead. It must be stressed that this type 
of specification is not sufficient for large removal jobs.e The separation 
between large and small jobs is left to the discretion of the owner or 
specification writer at the present time. Specifications for large scale work 


will be presented in the next section. 


In order to ensure that these procedures of minor maintenance and 
custodial control are followed, a system of notification of work must be 
established in the building. All work should be cleared in writing through a 
single person or office. ‘This applies equally to maintenance employees or the 
building, any contractors hired to perform work in the building, and any others 
performing work which may disturb friable material or settled asbestos fibre. 
This obviously includes any telephone or telecommunications wiring above sus~ 
pended ceilings. The difficulties in ensuring the continued use of the correct 
procedures often results in one of the other control options being selected. 
The visible precautions required to ensure safe performance of the maintenance 
work and protection of the workman can also cause undue alarm in the general 
occupants of the building. Therefore, in order to allay these understandable 
fears, the general building occupants must be informed of the procedures to be 


followed and convinced of their effectiveness. 


PROCEDURES FOR CORRECTIVE MEASURES 


The remaining asbestos control options, removal, enclosure, and 
encapsulation have been widely used in many countries including the United 
States (9, 19), Britain (37), France (11), and Australia (38). The experience 
gathered in asbestos abatement operations in these countries has been drawn on 
in preparing specifications for use in Canadae The asbestos abatement work has 
now reached a stage where guide specifications are either published or in a 
draft form suitable to be applied to almost any asbestos control project. 

Three examples of these guide specifications are included here as appendices. 
There are some differences between these specifications which will be discussed 
but there is general agreement on the procedures for performing corrective 
measures. The differences between specifications will be discussed and 


commented on in the next sectione 


6-1 


Specifications for Corrective Measures 
The three specifications for major work are as follows: 


Appendix F - Public Works Canada (PWC) Asbestos Abatement Specification (45); 

Appendix G - Metropolitan Toronto School Board Specification for Removal of 
Asbestos Coating (46); 

Appendix H ~ Foundation of the Wall and Ceiling Industry (FWC1) Guide Speci- 
fications for the Abatement of Asbestos Release from Spray or 


Trowel-Applied Materials in Buildings and Other Structures (47). 


All three of these specifications cover asbestos removal, but only the 
Public Works and FWCL methods cover encapsulation and enclosuree These two 
describe asbestos abatement work in more detail than the Board of Education 
method which has been simplified considerably. The FWCI guide specification is 
an updated version of the UeS- Environmental Protection Agency Guide Specifica- 
tion (19) and encompasses their recommendationse The procedures for asbestos 
abatement work are outlined in good detail in the Public Works Canada Specifi- 
catione The procedures, precautions and work practices which are described 
there will only be commented upon here-e The main sections of the specification 


are outlined in Table VI. 
TABLE VI 


Public Works Canada, Asbestos Abatement 


le General 
et Outline of Work 
1.2 Definitions 
1-3 Regulatory Agencies 
1.4 Submittals 
1.5 Existing Conditions 
1.6 Worker Protection 
Lee Visitor Protection 
1.8 Notification 

Ze Products 
Zeek: Materials 

a. Execution 


3.1 Preparation 

Bes Asbestos Removal 

3-3 Asbestos Sealing 

' 3.4 Asbestos Enclosure 

3.5 Clean-up 
3.6  Re-establishment of Objects and Systems 
3.7 Air Monitoring 


Section lel indicates that the specification is applicable to removal, 
sealing (encapsulation), or enclosure of spray or trowel applied asbestos~ 
containing material. The definitions in Section 1.2 are in considerably less 
detail and are less numerous than in Section 1.3 of the FWCI Guide. The FWCI 
Guide provides a good common language base for the asbestos abatement work. The 
regulatory agencies described in Section 1.3 cover provincial, federal, and local 
levels and specify that the most stringent requirements should be followed. 
Unlike the U.S. regulation spelled out in Section 1-4 of the FWCI Guide, no 
regulations are specifically named. The submittals required before commencing 
work are outlined in Section 1.4. The existing conditions in the building are 
outlined in Section 1.5- Worker protection is covered in detail in Section 1.6. 
This is an extremely important section of any asbestos abatement project. The 
PWC guide specifies the use of disposable work overalls. This has been generally 
interpreted to mean a single-use disposable coverall (such as a spun polyolefin), 
but as the FWCL Guide makes clear in Section 1.6, re-usable clothing can be 
safely used if it is not taken from the work areae This generally will make 
workmen more comfortable and efficient in the work site. Visitor protection which 
is included in the personnel protection section of the FWCL Guide is covered 
separately in Section 1.7 of the PWC specification. Notification of federal and 


provincial agencies is described in Section 1.8- 


Section 2 describes products to be used in the contract. This includes 


materials, tools,and equipment which are described separately in the FWCI Guide. 


Section 3 covers in detail all phases of preparation, performance ,and 
clean-up for removal, sealing, or enclosure of asbestos. The three specifica- 
tions provided agree closely on all aspects of the contract performance to the 
time that clean-up of the area is required. The PWC specification calls for 
the following clean-up procedure: 

(a) After removal of gross contamination, wet clean the work area, leave all 
plastic sheeting in position. 

(b) Wait 24 hours and wet clean again. 

(c) Wait 24 hours and vacuum the area with a HEPA vacuum followed by wet cleaning. 

(d) Fog the area, perform air sampling, and if satisfactory, remove the plastic 


and ensure the area is completely clean by washing if necessarye 


The Metropolitan Toronto School Board Specification is very similar to 
the PWC specification. The very recent FWCI Guide describes the same process as 
follows: 

(a) After removal of gross contamination, wet clean the work area. 

(b) Remove the plastic sheeting from floors and walls, but leave over windows, 
doors, decontamination chamber, etc. 

(c) Clean all surfaces with water or a HEPA vacuum. 

(d) Wait 24 hours and clean again with water or a HEPA vacuum. 

(e) If a final inspection shows the area is free of visual dust, then the plastic 
can be removed completely and the area wet cleaned. If visible dirt can be 


seen, then the cleaning must be repeated. 


The difference in these methods is principally in the order of clean-up 
and removal of the plastic barriere The PWC method has the disadvantage that 
some asbestos will be trapped behind the plastic on the floors or walls and not 
properly cleaned.- The FWCI Guide removes the plastic at an early stage of 
clean-up and exposes the walls and floors to an extremely contaminated room. A 
combination of these two procedures appears to the author to be superior to 
either of these methods as written. The clean-up would be as follows: 

(a) After removal of the gross contamination, wet clean the work area, leave all 
plastic sheeting in position. 

(b) Wait 24 hours and wet clean again. 

(c) Remove the plastic from walls and floors. 

(d)Wait 24 hours and clean again with water or a HEPA vacuum. 

(e) If a visual inspection shows the area free of dust, or an air sample is suit- 


able, all remaining plastic can be removed. 


Both the Toronto School Board specification and PWC specification 

specifically call for air monitoring (Section 3.7 of the PWC specification). 

The FWCI Guide does not specifically call for air monitoring as experience has 
shown visual inspections to be more rigorouse The PWC method describes an area 
as properly cleaned when, under simulated conditions of normal use, the airborne 
fibre count is 0.10 f.mL-l or less.- An acceptable level is not mentioned in the 
other two specifications. It has been the author's experience that a visual 
inspection is a more severe test of the effectiveness of removal and clean-up; 


however, either method of inspection is likely sufficient. 


1.41 


Alternate Methods 

A number of alternate methods of performing asbestos abatement work, 
particularly removal, have been developed. The use of a eh efficiency parti- 
culate absolute (HEPA) filtration system is allowed under the FWCI Guide spec- 
ifications (Section 2.2.1.1) to providea negative pressure in a work site 
providing the equipment is operated continuously until decontamination is 
complete. This type of vacuum system has been used in projects where a 
further reduction in fibre levels in the work area was required. A number 
of companies have extended this use of a vacuum in the work area to use a 
truck mounted vacuum system to provide negative pressureor to provide a 
powered means of removing the asbestos containing waste. The powered removal 
methods have been evaluated in a EPA report "Evaluation of a Commercial 
Vacuum System for the Removal of Asbestos" (40), using both wet and dry 
techniques. The machine evaluated incorporated a HEPA filter and the results 
obtained showed very low fibre levels in the work site, in the rest of the 
building, and in the exhaust air from the truck filter. The material was hand 
scraped and the waste carried away by the vacuum system. There were some 
problems encountered in dismantling the unit and in disposal but these were 
not insurmountable. No information was provided on relative cost of the power 


waste removal versus the manual methods described in Section 6.1. 


At least five companies operating in Canada are presently using or 
developing systems similar to the system evaluated in the EPA test. In 
addition several of these firms are combining the powered waste handling 
aspect with a water jet or water-sand slurry to scrape the material off the 
substrate. None of the systems in use in Canada incorporate a HEPA filter 
in the vacuum system but preliminary tests of fibres escaping from a typical 
unit show that the filtration may be adequate (41). Tests performed to date have 
produced rather mixed results as to the efficiency or cost- effectiveness of 
these systems (42). This power method may have applications in large open areas 
such as garages or hangars if approved by appropriate regulatory agencies. 

One firm operating in Western Canada reports good success in work areas with 
restricted access or where electrical hazards eliminate standard wet removal 
methods. The removal trucks have been licensed as portable asbestos plants 


in Alberta.(43).. 


TAZ 


CONCLUSIONS 

The information presented in this chapter indicates that in the 
jurisdictions discussed (the United Kingdom, the United States, France, 
and Australia) there has been concern expressed over the potential for 
exposure to airborne asbestos in buildings. The concern has centred on 


friable asbestos-containing materials used in construction. 


Air monitoring data from these countries indicate that the mere 
presence of friable asbestos-—containing materials in a building does not 
necessarily produce airborne fibre levels in excess of normal background levels. 
There has been no direct correlation found between measured fibre levels and 
visual observations of the asbestos-containing material. Only if friable 
materials are exposed and in poor condition are measured fibre levels under 
normal or quiet conditions likely to be significantly above background. In 
many installations, however, janitorial or maintenance activities near or 
on friable asbestos-containing materials may result in fibre levels above 
occupational exposure standards. Therefore in these instances careful 
custodial measures must be enforced to minimize exposure of these workers and 
other building occupants. The necessary steps for a programme of management 


and custodial control are described here. 


If the asbestos containing material is exposed and in poor condition, if the 
material is to be disturbed by renovations or demolition,or if careful management 
custodial control can not be guaranteed,then more radical control options may 
be appropriate. Techniques for removing, enclosing,or encapsulating the 
asbestos-containing friable materials have been developed and are described 
in this chapter. The need for these measures, cost of the measures, and 
effectiveness of them will be discussed in later chapters of this study. 

These will be based largely on data specifically collected for the Royal 


Commission on Asbestos. 
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CHAPTER 2 


CURRENT PROGRAMMES OF INSPECTION AND CONTROL 


INTRODUCTION 


In Ontario, public recognition of possible adverse health effects 
due to the presence of asbestos in public buildings dates from July £O79"(1) . 
The development of the public concern over the presence of asbestos, 
particularly in schools, has been addressed in another research study 
prepared for the Royal Commission on Asbestos (2) and will not be 
discussed here in detail. This public awareness was more recent by a decade 
than the first speculation on the danger of airborne asbestos to the 
occupants of buildings incorporating asbestos in their construction (3). 
In recognition of this general public concern, a number of programmes 
of inspection and control have been initiated in Ontario. The purpose 
of this section is to briefly discuss the inspection and control programmes 
undertaken in other jurisdictions, particularly the United Kingdom and the 


United States, and to identify typical programmes now underway or completed 


in Ontario* 


DEVELOPMENT OF CONCERN AND CONTROL PROGRAMMES 


The United Kingdom 


Concern over the possibility of asbestos fibre contamination in buildings 
dates from the late 1960's in the United Kingdom. Although this first 
study by Byrom et al, (3) concluded that the presence of asbestos-containing 
building materials did not constitute a hazard to the health of building 
occupants, later work of bumley etal) reported much higher airborne 
fibre levels that did cause concern. As a result of this and other 
studies, the United Kingdom Ministry of Defence had decided as early 

as 1971 to seal sprayed asbestos-containing insulation in storehouses 

and to provide means of protecting the sealed insulation from damage(4). 
By 1974 the Sub-Committee of the Joint Advisory Committee on Safety and 
Health in the Construction Industries had issued a report (5) which stated 
that demolition of a building containing either sprayed asbestos or pipe 


insulation containing asbestos posed a health hazard to workmen unless 


ae 


Zan 


precautions were followed. 


In spite of these early concerns in the United Kingdom, there was 
no move at that time to stipulate any generel program of inspection and 
control in buildings. More recently the Advisory Committee on Asbestos 
(6,7) has concluded that the non-occupational risk is not sufficient to 
warrant a recommendation for general removal of asbestos from exist ing 
buildings. The Committee further indicated that it was primarily the 
responsibility of contractors to ensure the safety of their own workmen 
engaged in repair, demolition,or removal of asbestos-containing material. 
Therefore no recommendation was made that universal identification of 
asbestos in buildings be made compulsory. The recommendations contained 
in these reports of the Advisory Committee are currently being put into 
regulations, (8). These regulations put a Statutory ban on the future use 
of asbestos sprayed coatings and embody a requirement for employers and 
self-employed persons to be licensed by the Health and Safety Executive 
before undertaking work involving asbestos insulation or asbestos coatings. 
This would include all phases of asbestos abatement in buildings. The 
very high level of awareness of British workers involved with asbestos 
insulation or sprayed asbestos coating (9), licensing requirements,and 
mobile inspectors generally ensure that work involving friable asbestos 
is properly identified and inspected (in spite of the lack of universal 
programmes of identification). A large number of building owners in the 
public and private sector have undertaken complete asbestos surveys 
of their buildings even though this is not required by any legislation. 
A trade organization, the Asbestos Removal Contractors Association has 
also been established to encourage better work practices and provide a 


professional forum for contractors working in asbestos removal. 


The United States 

The occupational health hazard posed to insulation workers in the 
United States was the subject of numerous investigations in the 1960's. 
Selikoff and co-workers (10,11) investigated the medical aspects of this 
exposure and typical airborne fibre levels detected during spraying of 
asbestos. The measurement of asbestos in the vicinity of these sites 


showed environmental asbestos concentrations to exceed those of background 


by more than 100 times (12). The concern over possible health effects 
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on urban populations led various jurisdictions (New York, Boston, Philadelphia, 
Illinois) to ban its use in the early 1970's. In 1973, the U.S. Environmental 
Protection Agency imposed anation-wide ban on the spray application of 
insulating or fireproofing material containing more than one percent 

asbestos by weight (13). This prohibition on spraying was extended in 

1977 to include all materials containing more than one percent asbestos (14). 
As early as 1971 the concern over asbestos exposure in specific buildings 

led to air sampling (15) and by 1974 some removal of asbestos had been 
performed (16). A U.S. E.P.A. study published in October 1975 (47) 

presented results on nineteen buildings which indicated that "significant 
asbestos contamination can occur in the air supply system of buildings" 


containing sprayed fireproofing, decorative, or acoustic materials. 


The growth of public concern was occurring during this same period 
and has been traced in some detail elsewhere (2). A number of state and 
local school boards began to take remedial action. The U.S. Babes 
surveyed these boards and began to provide assistance in early 19/79 in 
the form of a nation-wide information and technical assistance programme 
(17). The voluntary programme of identification and notification of 
the presence of asbestos in schools was shown to be ineffective and a 
mandatory programme was adopted on January 16, 1981 (18). No funding has 


yet been appropriated to support this legislation. 


The programme of asbestos identification and control in the U.S. 
has been concentrated in the school system. Recently this concern 
has spread to various agencies of the federal government (19), but to 
date there has been no mandatory programme adopted in either the public 
(excluding schools) or private sectors. The asbestos abatement programme 
has also been affected by the recent economic slow-down and cuts in 


government spending (20). 


Under the terms of the 1977 Act (14) there is a requirement that 
the administration of the U.S. E.P.A. or an authorized representative 
shall be notified in writing at least tendays prior to commencement of 
any asbestos removal work. This section has generally been used to 


control work in buildings other than schools since the EPA has the respons— 


hs 
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ibility to ensure that correct work methods are used. This effectively 


serves a similar function as the licensing of contractors in’ Britain. 
The health of workers in asbestos control projects is the responsibility 
of the Occupational Safety and Health Adminstration and is protected 
under the Code of Federal Regulations Title 29, Part 1910, Section 

POTD AOL C33), 


Canada 


After the use of sprayed asbestos fireproofing was prohibited in 
the United States, manufacturers in Canada soon followed suit and 
voluntarily removed asbestos from their products (21). By 1974 no 
Sprayed asbestos products were being applied in Canada. The manufacture 
of asbestos-containing pipe and boiler insulation block also ceased 
in Canada in 1973 (22), although existing stock was used until several 


years later. 


It appears, based on this chronology, that health officials and 
legislators in Canada have been slower than their UK and US counterparts 
to obtain and respond to the information on friable asbestos. This is also 
true of the general public. According to Doern (2), the first Canadian 
press coverage of asbestos in buildings occurred in December 1978 in 
Winnipeg. The first articles on the subject regarding Ontario buildings 
appeared on July 31, 1979. The slow recognition of the possible hazard 
is also clear among workers in the asbestos industries. Although 
‘the asbestos hazard is well known to union officials as evidenced by 
the submissions made to the Royal Commission on Asbestos, this 
knowledge is not widely recognized by many workmen. In spite of the 
current publicity regarding the hazards of exposure to asbestos, the 
author has recently (November 1981). discussed safety precautions around 
asbestos insulation removal with both union and non-union employees 
performing this removal work. A majority of the men who had not worked 
on other supervised removal jobs professed to be unaware of the risks 
involved with the improper work practices being used. Also, in spite 


of the legal requirements imposed on employers in Ontario as a result 


of The Occupational Health and Safety Act (23), numerous jobs 


which should have been performed utilizing asbestos control precautions 


Zo 


according to the Ministry of Labour guidelines (24) were not. This often 
occurs as a result of ignorance of the hazard. However, a number of 
cases are known to the author where potential exposures to asbestos have 
been ignored due to the cost of correct asbestos abatement work. The 
enforcement of the recently published guidelines issued by the Ministry of 
Labour (24), particularly the section under "Demolition of structures 
containing asbestos" should prevent these improper procedures. These two - 


sections read: 


1. Prior to the demolition, partial demolition or 
renovation of a building or similar structure, 
all friable asbestos material shall be removed 
using the procedures referred to under ‘Asbestos 
removal.' 


2. Friable fibrous material present in buildings 
or similar structures must not be assumed to 
be asbestos-free unless records or analysis 
have confirmed it to be so. 


Although these guidelines are very brief, they may be sufficient 
to alert the building owner or contractor to the need for bud! 
precautions. In this sense the enforcement of the rules above will 


fulfill the same function as the British (8) or American (14) regulations. 


There is no legislated requirement for a universal programme of 
identification and control in Ontario although the Ministry of Education 
initiated a complete programme in 1979 which will be discussed in the next 
section. A number of government agencies and private companies have 
undertaken a process of identification of all friable asbestos in 
their buildings and control of any possible hazard of airborne asbestos. 
Some of the programmes underway in Ontario will be discussed in the 
following section to illustrate some methods by which the general 


public concern is being acted upon in Ontario. 


CURRENT PROGRAMMES IN ONTARIO 
Most of the programmes of inspection and control have occurred in 


the public sector. Although a small Honber Of private, firms have 
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instituted similar programmes they have generally not wished to provide 
their data as the programmes are not yet complete. Information on the 
various programmes is provided in the following sections. A number of 
the organizations have wished to remain anonymous and these are 
identified only by a general description of the type of organization 


and geographical location. 


Ministry of Education 

In July of 1979, the Ministries of Education and Colleges and 
Universities issued several memoranda (25, 26) requesting school boards, 
colleges,and universities to undertake a survey to identify all exposed 
asbestos-containing materials in their buildings. These were followed 
by a third memorandum instructing the boards to sample sprayed fibrous 
material and send it for analysis to the Ontario Ministry of Labour (27). 
This was accompanied by a manual, "Inspection of Buildings for Asbestos" 
(28). This manual, included here as Appendix I, provided information on 
sampling and analysis, corrective actions,and temporary control measures. 
The inspection programme covered all public and separate schools, 


colleges and universities in the province. 


There has been no uniform pattern of conducting this programme 

of inspection. Some boards have hired outside consultants as inspectors 
whereas others have performed inspections using their own personnel. 
Usually a consultant is hired after the preliminary inspection has been 
performed and prior to any final decisionbeing made regarding remedial 
work. The data presented in Table I (29) indicate that the inspections 
have been completed as of January 16, 1982. Some additional asbestos- 
containing material will continue to be found but these figures are 


essentially correct and complete. 


The results confirm an expected trend that the school boards with 
larger schools, such as those in the central region, tend to have the 
highest percentage of schools with exposed or hidden sprayed asbestos. 
The category "Other Friable Asbestos" in Table I refers to such friable 


products as damaged acoustic tile, pipe insulation,or asbestos cement 


board, friable fire curtains, or damaged welding booths. These installations 
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can usually be repairs or replaced at relatively low cost. 


A considerable amount of work has been performed to rectify any 
potential problem up to this date. A summary of the provincial 
financial support for the work completed to date or planned in the’ 


school system (expressed in: current dollars) is as follows: 


Total Project 


Number of Costs Approved By 
Year Proyect’s Ministry of Education 
1980 541 $ 8.330% LI 
1981 127 4,768,467 
1982 - 8,000,000 (Projected) 
1983 - 8,000,000 (Projected) 


The full cost of these projects would be greater than this because 
the province pays for only a fraction of the cost of any capital project 
of any school board. A large part of this expenditure has occurred in 
the 484 elementary, 106 secondary, and 13 special schools of the Metropolitan 


Toronto Board. These are as follows: 


Total Project 


Number of Costs Approved by 
Year Projects Ministry of Education 
1980 43 S 35152 5.974 
1981 8 DPT E LIA eT ES 


These figures again reflect the high unit cost for remedial work 


in the larger schools of Metropolitan Toronto. 


At the present time no estimates exist for work beyond 1983. It 
is anticipated that some additional installations of asbestos-containing 
material will be identified and that more work will be performed in the 
future (30). The percentage of schools which report exposed sprayed 
asbestos (9.1%), sprayed asbestos in air plenums (0.4%) ,or other friable 
asbestos materials (9.2%) is significantly higher than the figures obtained for 
the U.S. E.P.A. (48) in which only 9.3% of all schools were estimated 
to have a potential exposure problem due to the presence of friable 
asbestos. This may be a genuine geographic difference or may imply that 
many of the installations enumerated by the Ministry of Education would 
not pose a potential exposure problem according to the criteria used by 


the EPA. 


In compiling this information and deciding on appropriate 
corrective action, many school boards used information and advice from 
the Ministry of Education (30). The information included publications 
from the E.P.A. and the Metropolitan Toronto School Board (34). The 
general advice on asbestos-containing materials is summarized below. 


It must be stressed that the installations were individually evaluated. 
Type of Material Action 
Sprayed Fireproofing in poor condition, Remove 


exposed or above suspended ceiling 


Sprayed Fireproofing in good condition, Encapsulate 
above suspended ceiling 


Sprayed Acoustic Plaster, poor condition Enclose 
within reach of occupants 


Sprayed Acoustic Plaster, poor condition Encapsulate 
outside reach of occupants 


Sprayed Acoustic Plaster, good condition Leave as is 

Pipe or Thermal Insulation, very badly Remove and 
damaged replace 

Pipe or Thermal Insulation, some damage Repair 

Pipe or Thermal Insulation, no damage Leave as is 
Acoustic Tile Leave or replace 


as damaged 


The various actions recommended will be discussed in later sections. 
The programmes of a number of boards or colleges will also be discussed 


in following sections. 


City of Toronto Board of Education 


The Toronto Board of Education has within its jurisdiction 119 
public schools and 39 secondary schools which have a combined floor area of 
13.7 million square feet (31). The schools tend to be older than the 
average age of schools in the province due to the demographic patterns. 

All of the schools have been inspected in several stages (32). ‘The 
initial examination of buildings by visual inspection and by examining 


records such as year of construction and building plans was performed by 


staff of the Toronto Board. This allowed an estimate of the extent and 
cost of this work to be prepared. At this time an outside consultant (45) 
was employed to perform bulk sampling and to mark the presence of sprayed 
asbestos on building blueprints ready for contract tendering. The 
analysis of the bulk samples was provided free of charge by the Ontario 
Ministry of Labour. The original estimate of buildings containing 
Sprayed asbestos-containing material amounted to 50 buildings with a total 
estimated cost of abatement work of $17.2 million. Since all work could 
not be budgeted or controlled simultaneously, a mathematical algorithm 
was used to rate each installation. The algorithm was similar to the 
Ferris Index (35). High priority was generally assigned to installations 
with amosite, where other renovations were required, or where material 
was exposed, in an air plenum or in a fan room. The cost of abatement 
work performed in 1980 on six schools was $489,543.00 (1980 dollars) and 
on nine schools in 1981 was approximately $1.9 million. In all but 
exceptional circumstances, the sprayed materials were removed, thereby 
eliminating any future problem. A further 18 buildings are currently 
being tendered at an estimated cost of $3.7 million dollars. In many 
cases only certain portions of buildings have been done go that more than 
20 buildings will still contain Sprayed asbestos at the end of 1982. 

The cost of the asbestos removal has generally been substantially less 


than the original estimate which totalled $17.2 million. 


A further 4 schools have also been identified as containing fire 
flaps or dampers with asbestos coatings. Due to public concern, these 
have been replaced with non-asbestos dampers, although some preliminary 
tests have indicated that measurable fibre levels are not generated from 


these asbestos-containing flaps (28a). 


A Suburban Toronto Board 

This board, which owns schools much newer than those of the Toronto 
Board of Education, has also carried out a large percentage of its asbestos 
abatement programme. The board has in its jurisdiction 130 public 
schools, 25 secondary schools, and 7 support buildings or other facilities. 
Immediately after the original request from the Ministry of Education 


(25) an initial inspection was performed by the caretaking staff of 


each school. This survey served to identify the most obvious, exposed 
uses of the asbestos-containing materials but did not detect or report 

a large number of the less accessible installations. This survey was 
followed by a more detailed inspection by a single board employee. 

This inspection took in excess of 100 hours in the buildings of the 
board not including the time required to collate data from the bulk 
sampling. An outside consultant was then hired to re-inspect each of 
the schools with a possible problem, to mark the extent of the asbestos 
containing material on building drawings ready for tendering,and to give 
an evaluation of the relative priority of work. At the present time, 
inspections for fire stop flaps or fire stop dampers are being performed 


in every school. 


The survey gave the following results: 


Sprayed Fireproofing (Public Schools) AS 
Sprayed Acoustic (Public Schools) 8 
Sprayed Fireproofing (Secondary Schools) 16 
Sprayed Acoustic (Secondary Schools) ir 


Therefore, sprayed asbestos-containing fireproofing exists in 19.1% 

of all buildings and sprayed asbestos-containing acoustic material in a 
further 5.6%. The board initially used encapsulation to temporarily 
control some very exposed installations of fireproofing, but plans in the 
long-term to remove all sprayed asbestos-containing fireproofing where 
possible and to enclose or encapsulate where this is not possible. The 
acoustic sprays will be left untouched if they are in good condition or 


encapsulated if they appear to be degrading. 


In 1980,a total of $550,000 was spent in the elementary system 
and $880,000 in the secondary system. Expressed in 1981 dollars it is 
estimated that a further $2.225 million will be needed in the elementary 
system and $4.1 million in the secondary system to complete all work with 
sprayed asbestos-containing materials. This work will be completed by 


1986 at the current rate of progress. 
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Duf ferin-Peel Separate School Board 


This is a smaller board than the previously discussed boards (36). 
The board owns 63 school buildings of which 6 are considered senior 
elementary schools and the rest are elementary schools. Most of 
their buildings are of recent construction with about 30,000 sq. ft. of floor 
space with a small number around 60,000 sq. ft. At the time of the first 
Ministry directives, encouraged by parent pressure, the board hired the 
consulting engineering firm that had been employed for the construction of 
most of the buildings to handle the asbestos survey. The firm, through 
examination of plans and on-site inspection, determined that no sprayed 
material existed in any schools. It did identify 4 boiler rooms which 
contained asbestos block insulation and 27 schools with asbestos fire 
flaps or dampers. The entire cost of the inspection was approximately 
$13,000.00. Due to the poor condition of the insulation in the boiler 
rooms, a contract for $3,500.00 was awarded to re-canvas and re-paint 


the asbestos material in all four rooms. 


Although some doubt exists as to whether the asbestos fire dampers or 
flaps do indeed pose a risk of releasing fibres (28a), the concern at the time 
led the board to award a contract for the encapsulation of all asbestos 
flaps and dampers. In the 27 schools a total of 765 units were removed, 
encapsulated with an asbestos sealer and replaced at a total cost of 
$109,000. Therefore, all possible asbestos-related problems in this 


board have been corrected. 


A Rural Ontario Board 
Pace ecg tet gh gree eee yt 


This rural Ontario Board responded in a fashion somewhat similar 
to the Dufferin-Peel Separate School Board. At the time of the original 
requests from the Ministry of Education, a brief survey of the 27 
elementary, 5 secondary or vocational schools,and the board office was 
performed by employees of the board. This inspection revealed no friable 
asbestos and this was communicated to the Ministry. In the summer of 
1980 this conclusion was questioned and the architectural firm which 
had been involved in much of the board's design and construction was 
nired to perform a re-inspection. All buildings were inspected by two 
members of this firm and samples were analyzed by the Ontario Ministry 


of Labour. The results of this inspection for friable asbestos-containing 


products in elementary schools showed the following: 


10 schools None 

5 schools Acoustic tile 

3 schools Sprayed material and pipe insulation 
3 schools Pipe insulation 

2 schools Sprayed material, pipe insulation, and 

acoustic tile 

2 schools Pipe insulation and accoustic tile 

1 school Sprayed material 

1 school Sprayed material and accoustic tile 


In the secondary schools,the following friable asbestos-containing 


products were identified: 


2 schools ‘None 

1 school Sprayed material 

1 school Sprayed material and acoustic tile 
1 school Sprayed material, acoustic tile,and 


pipe insulation 


There are two reasons for the difference between the first and 
second inspections. In the initial inspection, neither pipe insulation 
nor acoustic tile were considered friable. Also, the sprayed material 
is largely for acoustic purposes. Since it has generally been painted 
it was not readily identified as a friable asbestos-containing material. 
There is some disagreement currently between the Ministry of Education and 
this school board whether acoustic tile is friable and whether any 
control action is necessary for the tile. Further research may be necessary 
On, tnis. subi ect. 

This board has completed the majority of the remedial work 
recommended by the architect. The expenditures to date or currently 


approved (in current dollars) are: 


1980 $100, 000 
1981 $232,000 
1982 $ 85,000 


There will be an estimated $110,000 worth of work remaining at the end of 
1982. The board has largely chosen to encapsulate the sprayed material 


and to remove and replace friable pipe insulation and acoustic tile. 
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Ottawa Board of Education 
ects hac: s hil sed sacha erate ba oh a So she 
The Ottawa Board of Education programme has been very similar to 


that of the rural board discussed in the previous section. As early as 


1979, all exposed sprayed asbestos had been removed from the Board's schools 


due to an alert from the Ottawa-Carleton Board of Health C3 Zine tne 


inspection of the 86 board buildings at the request of the Ministry of Education 


in 1979 and 1980 therefore showed only two with sprayed fireproof ing 
behind a suspended ceiling. However, an additional 26 schools were found 
to contain sprayed asbestos-containing acoustical plaster. There were 
also an additional 6 schools with asbestos covered fire flaps and 

most schools had asbestos-conta ining pipe and boiler insulation. This 
was not felt to be a significant problem as the sealed jackets had been 


well maintained. 


The total area of sprayed material in the 28 schools was approximately 


40,000 square metres. It was decided that all the installations were 
suitable for encapsulation and this was performed in July and August 1980. 
The fire flaps were larely sealed with an encapsulant as well, although 
some damaged flaps were replaced. The board performed all this work for 
$91,000 including the job inspection and monitoring. This was a very low 
cost per unit area due to the method used by the board to tender the work 
and the desire of many contractors to begin working in asbestos abatement. 
The contractors therefore accepted a very low profit margin. The costs 


of this work will be considered in more detail in Canter “5. 


A Community College 


The programme of the Ministry of Education also extended to the 
community colleges and universities in the province. The data provided 
in Table I from colleges and universities counts all the buildings at any 
one institution as a single building (i.e.,if only one building out of 
twenty at a particular college has exposed sprayed asbestos, then this 
is counted as a positive response for the entire institution). The 
results from one College of Applied Arts and Technology will be 


discussed in this section. 


The particular community college is located outside the major 


population centres of the Toronto-Hamilton area. The college is 


Ld, 


quite young (being founded in the mid-1960's) and occupies buildings mainly 
constructed from 1965 to 1971 as well as several older buildings 
transferred to the college from other learning institutions. The programme 
of inspettion was started as a result of the Ministry of Education 
memoranda (25, 26, 27). The initial inspection was performed by the 

Head of the Physical Plant and took a maximum of 5 days. This inspection 
encompassed all 16 of the buildings which have a combined floor area of 
nearly 65,000 square metres. The time per square metre required for this 
initial inspection was quite low because the buildings tend to be large 

and relatively new. Both of these factors decrease the time for inspection. 
Only one building of approximately 12,000 square metres was identified 

to contain friable sprayed asbestos. An independent consultant was 

then hired to perform a detailed inspection of this building and to 

prepare plans for the abatement work. The sprayed asbestos fireproofing 
had been applied on column headers and structural steel with some overspray 
on the concrete deck. There is a suspended ceiling and the ceiling space 
is used as a return air plenum. A decision was made, with advice from the 
consultant and the Ministry of Education, that the potential for exposure 
and economics of controlling the exposure are such that the fireproofing 


should be removed and replaced with an asbestos-free substitute. 


This work, which will cost an estimated $750,000 (in 1981 dollars), 
is planned to be phased over four years starting in 1983. Until the material 


is removed, air monitoring is being performed on a continuing basis to 


ensure that no major change has occurred in the condition of the installation. 


University of Toronto 


The asbestos control programme of the University of Toronto is also 
in progress due in part to the Ministry of Education memoranda (25, 26, 27). 
The University of Toronto is by far the largest of the Ontario universities 
but the status of the work is typical of most Ontario universities (30) 
The University of Toronto owns a total of 126 buildings. Most of these are 
large academic, office, residential,or industrial type buildings located on 


the downtown Toronto campus of the university (49). 
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The inspections have been carried out by building managers or 
building engineers. Of the 126 buildings at the downtowm campus 


asbestos — containing sprayed material has been identified in 9 buildings. 


This material is largely applied as fireproofing on structural steel or steel 


decks, although some also serves as an acoustic treatment. A much larger 
number of buildings, of the order of 100, contain non-sprayed asbestos in 
the form of ceiling tiles, boiler and pipe insulation. Air monitoring 

has been performed in most of the buildings containing sprayed asbestos- 
containing material by the Occupational Health and Safety Inspectors of 

the Ontario Ministry of Labour. None of the results have indicated any 
cause for concern to the Ministry. The University, through the Occupational 
Health and Safety Committee, is continuing work in establishing priorities 
for work and ensuring that no work is undertaken which would worsen any 


potential exposure situation. 


The restrictions on capital expenditures over the last few years 
have reduced the amout of money available for performing any asbestos 
control work. In any instance where renovations are scheduled which will 
disturb the sprayed asbestos-containing materials the guidelines of 
the Ontario Ministry of Labour are followed (24). These require the com- 


plete removal of the asbestos-containing material before the renovations 


are performed. 


No accurate estimate of the total area or total cost of a complete 
asbestos abatement programme has been made. The three major projects in 
the largest building have been estimated to cost in excess of $5, 000,000.00 
(expressed in 1981 dollars). Until the funds become available or a 


clear exposure problem is shown, this work will likely remain in abeyance. 


Se Government of Canada 
3.2.1 Public Works Canada 
The programme of inspection and control of Public Works Canada 

(PWC) was started in mid-1980 (38). Since PWC has under its 
ownership and management approximately 12,950 buildings across Canada, 
it was felt necessary to have regional managers and staff acquainted 
with asbestos sampling and control procedures. The buildings fall into 
the following categories: administrative (450),operational (9500), 
institutional (100), and residential (2900). These categories include 
office buildings, public buildings, industrial and laboratory buildings, 


training centres, mail processing buildings,heating plants,and garages. 


A group of regional employees attended a specialized course 
presented by the Ontario Research Foundation and on return to their regions, 
carried out the initial inspection and sampling program. The inspection 
was limited to sprayed materials since pipe and boiler insulation were 
to be controlled by the operation and maintenance section. A total of 
3,730 buildings (of the 12,950 total) were judged to require physical 
inspection based on a review of building plans, years of construction, and 


a knowledge of the building types (i.e., residential eliminated). 


The initial inspection identified only 34 buildings with sprayed 
asbestos containing materials. The estimated cost to correct these 
installations (largely through removal) was $30.4 million expressed 
in 1981 dollars. It is anticipated that this cost may be reduced as 


contractors become more familiar with asbestos work. 


At approximately this time, the Treasury Board established a 
committee called the Treasury Board Advisory Committee on Asbestos Control 
(TBAC/AC) (39). The Committee consisted of representatives of the 
Treasury Board, Public Works, Health and Welfare, Transport, Labour ,and 
National Defence. The purpose of this committee was to: 

(a) advise the Treasury Board on all matters relative to 

asbestos in buildings; 
(b) co-ordinate assessment of any necessary control actions 


and co-ordinate programmes of various departments; 


(c) monitor implementation of control programmes, 


2e45") 


(d) provide information and advice to departments to assist them 


in their communications with employees. 
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All 34 buildings shown to contain friable Sprayed asbestos by PWC in- | 
spection were then re-inspected by the assessment team of the Treasury Board . 
Advisory Committee on Asbestos Control (TBAC/AC) to provide a uniform basis . 


of judgement. Of the 34 buildings the following actions are planned: | 


Removal ZZ 


Encapsulation i 
Enclosure iS) 


Management and | | 
Surveillance 8 


Of the approximately 1000 buildings in Ontario (including Ottawa in 
the National Capital Region in this total), 23 contain sprayed friable asbestos- | 
containing material. Of these buildings only 2 are subject to management and 
surveillance. Work on 11 of the remaining 21 has been completed as of February 
1982, The planned abatement work will be completed by 1986 under the current 

plan and rate of expenditure. The work completed to date has generally been | 
performed with a minimum of disruption by transferring employees elsewhere in 

the building. This avoided the need for leasing alternate space. Expressed 

as a percentage of the buildings physically inspected approximately 2.3%.of the 
buildings in Ontario and 0.9% of the buildings in Canada as a whole contain 

sprayed friable asbestos. This reflects the greater likelihood of sprayed 


material in the larger buildings in the urban areas of Ontario. 


In addition to these buildings, PWC leases, on behalf of other government 
departments, approximately 2,250 buildings {i320 administrative or office buildings, 
900 operational (heating plants, post offices, etc), and 30 institutionaf), of 
which approximately 450 are in Ontario. Of these buildings in Canada 28 contain | 
sprayed friable asbestos and of these 28, all but 3 will require some remedial work | 
other than management and surveillance. Of these 28 buildings, 20 of them are locati 
in Ontario. To date no contract measures have been undertaken in any other these 
leased buildings. Expressed as a percentage again, 4.4% of the Ontario buildings 


and 1.2% of the Canadian total contain sprayed friable asbestos. 


.2.2 National Capital Commission 


The National Capital Commission manages a large number of generally 
older buildings in the Ottawa - Hull area (40). There are approximately 250 
commercial properties among them, mainly retail stores, restaurants, or service 
establishments. Since friable asbestos products are not commonly used in 
residential buildings only these commercial properties and several institutional 
buildings were inspected. Two employees of the National Capital Commission 
were trained in asbestos inspection and control and conducted the inspections. 
The inspections required approximately 100 to 120 man days since the buildings 
tended to be old and to have undergone extensive alterations which complicates 


the inspection. 


Only two buildings were found to contain sprayed asbestos. In each 
of these the material was applied as fireproofing and thermal insulation in 
service and boiler rooms. The total area was approximately 300 square metres. 
In addition exposed friable asbestos was found in damaged pipe, furnace and 


boiler insulation in more than 50 buildings. 


The sprayed material was removed in 1981 at a total cost of approx- 
imately $35,000. Thedamaged thermal insulation was repaired by Commission 
employees or with local contractors by covering the friable material with 


paint or clay impregnated cloth. 


Other Government Departments 


Although they will not be discussed in detail,all other federal depart- 
ments have completed inspection programmes and are in the process of performing 
any necessary remedial work. These departments include Transport Canada, 
National Defence, Indian and Northern Affairs, Correctional Services, and 


Parks Canada. 


Ontario Ministry of Government Services 

The Ontario Ministry of Government Services (MGS) is reponsible for 
the operation of approximately 8,000 buildings owned by the province and another 
1,300 buildings wholly or partly leased for various ministries. The programme 
established by this Ministry is very different from the programmes described 
earlier (41). MCS has not initiated a general programme of inspection 


and sampling but instead responds to any specific €nquiry or emplovee voncern. 


In any routine enquiry the trained inspectors of MGS Wil’ Visit ire 2s ites 
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visually inspect the installation, take bulk samples,and, if it is felt necessary, 
air samples. All samples (both bulk and air) are then analyzed by the Minis py 

of Labour laboratories. If any emergency situation arises, Ministry of Labour 
inspectors can be called upon to provide site inspection and sampling. 

MGS relies on the Ministry of Labour for advice as to appropriate action 


since this Ministry is considered to have final jurisdiction C41) 


As of March 12, 1982, 68 buildings have been sampled for asbestos. They 


fall into the following categories: 


Schools 20 

Correctional Institutions 10 

Warehouses 3 } 

Public Entertainment | 
Facilities (auditoriums) 1 ‘ 
Institutional Buildings ; 
(courthouses) zl 

Offices 2 

Total: 68 


Of the 68 buildings inspected, exposed friable asbestos products were 


identified in 37 as follows: 


Schools fi 
Correctional institutions 6 
Warehouses 2 
Pyblic Entertainment 
Facilities (auditoriums) il 
Institutional Buildings 

(courthouses) 6 
Offices 15 


Total: 37 | 


No exposed asbestos was identified in the following buildings: | 


Schools 3 | 
Correctional Institutions 1 
Warehouse 1 | 
Institutional if | 
Office asd 


rs be FZ 
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The remainder of the buildings (19 in total; 10 schools, 3 cor- 
rectional institutions, 5 offices,and one institutional building) are still 


under investigation and analysis. 


Air sampling has been conducted in 13 of the 37 buildings identified 
as containing exposed asbestos. To date none of the completed bulk analyses 
or air sampling tests have led the Ministry of Labour to recommend any major 
asbestos abatement work. MGS has adopted guidelines for its maintenance 
employees to protect the workers and other building occupants from exposure 
to asbestos (42). These guidelines (attached as Appendix J) cover work above 
suspended ceilings, on pipe insulation,or any inspection, maintenance, repair, 
construction,or demolition work where asbestos fibres may be liberated. Re- 
commendations are also made regarding personal protective equipment, housekeeping, 


ventilation,and disposal. 


In addition to the sprayed asbestos a very large amount of exposed 
asbestos-containing friable pipe insulation has been identified. This problem 
has been remedied by simply repairing and recovering the insulation following 


the techniques outlined in MGS guidelines. 


This programme of the provincial government has apparently been carried 
oubratelow cost. Several MGS employees have attended on a course on asbestos 
identification and control but again the Ministry of Labour is relied on for 
advice as to the appropriate ¢orrective procedures. These measures have been 
judged to be appropriate by MGS and the Ministry of Labour at the deputy 
tinister level (41). There is also agreement that if any major repair, renovation 
or demolition is planned in contact with friable asbestos-containing materials 


that the more recent guidelines (24) of the Ministry of Labour will be followed. 


City of Windsor Utilities Commission 

The concern over asbestos has extended beyond the federal and provincial 
governments. A number of municipal commissions or utilities have also initiated 
programmes of inspection and control. The City of Windsor Utilities Commission 
initiated a programme of inspection in the summer of 1981 using an outside 
consultant (43, 44). <A total of 27 buildings (some consisting of several 
subdivisions for a total of 46 separate areas) were inspected. These buildings 


were constructed over a long period (from 1910 to 1975) and were water filtration 
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and pumping stations, electric stations,and office areas. The consultant — 
detected no sprayed asbestos whatsoever and concluded that in approximately 33 
areas no action was needed since either no asbestos at all was detected or no 
potential hazard existed from the type of asbestos-containing insulation 
detected. These non-hazardous materials included circuit breakers, circuit 


flash shrouds,and transite panels. 


Friable asbestos-containing materials were detected in the remaining 13 
areas. This was largely in the form of corrugated pipe wrapping or thermal 


block insulation on boilers or pipes. A number of these were easily repaired 


by board employees. A contract was let to a contractor for 7 remaining areas. 
The contract generally called for removal and replacement of the asbestos 
containing insulation. The total contractor cost for this work was in the 


region of $24,000 and should be complete at publication of this Study. 


Private Sector 


The private sector has generally been much slower to respond to public 
and employee concern over the issue of asbestos in buildings. This is not 
unexpected since no legislation has been enacted requiring asbestos control 
programmes and the cost of such programmes is substantial. Until some specific 
action is legislated or enforced a widespread asbestos control programme will 
not likely occur in the private sector. The control program in the schools has 
preceded legislation largely due to the emotional issue of parental concern 


over exposure of children. This was coupled with the lower level of public 


concern for spending public money than a private concern for spending its own 
funds. 


In spite of this a significant number of private organizations have 
undertaken asbestos removal or encapsulation contracts and others have 
established management and control programmes. These programmes have generally 
occured due to employee concern, action by the Ministry of Labour,or when 
renovations or demolitions have been undertaken. The author is personally 
aware of these programmes in retail stores and malls, office and commercial 
buildings, industrial or manufacturing plants, mining Operations, banking 
institutions, private utilities,and service industries. It is not possible to 
discuss these programmes in detail since most firms in the private sector do 


not wish to publicize their asbestos abatement programmes outside their own 
staff or buildings. 
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Options in Inspection 


The response to the public concern over asbestos in buildings in Ontario 
has resulted in the inspection and control programmes described in this 
chapters These programmes can be grouped into two general types. The Ministry 
of Education, Federal Government, and Windsor Utilities Commission programmes 
are typical of one type of inspection programme. They are similar to the 
programmes of the U-S. Department of Education (18), the Alberta Government 
(46), and some other jurisdictions. This approach calls for all buildings to be 
inspected by reference to building plans and physical inspection and all 
friable asbestos to be identified and evaluated. The appropriate control 
procedure is then selected based largely on a visual inspection. These 
programmes are expensive due to the extensive inspection programmes, but will 


certainly identify any potentially hazardous installations. 


The second type of programme is typified by the Ministry of Government 
Services and most programmes in the private sector known to the author. In 
this approach no universal inspection programme is established but concerns 
expressed over individual buildings are dealt with as they arise. Once the 
concern is expressed, either a visual inspection or air monitoring is used to 
determine the potential exposure problem. The private sector generally uses a 
visual inspection, while the Ministry of Government Services uses air monitoring 
performed by the Ministry of Labour. This second type of programme is less costly 
but may not identify all potential hazards of airborne asbestos (particularly 
hazards posed to maintenance personnel performing work in the area). These two 
approaches to an inspection programme will be considered in later chapters when 


additional information on airborne asbestos levels in buildings is presented. 
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CHAPTER 3 


INVENTORY OF BUILDINGS WITH 
POTENTIAL ASBESTOS EXPOSURE HAZARD 


INTRODUCTION 

No estimate of the extent of friable asbestos-containing materials 
in Ontario buildings has been developed at the present time. The estab- 
lishment of an inventory of buildings with a potential asbestos exposure 
hazard would serve several purposes. It would provide a basis for 
estimating the possible expenditures necessary for both inspection and 
control. It could also be used as a basis to estimate the number of 
persons who are potentially at risk. If a detailed inventory was 
presented in a suitable fashion, it could also be used by Ministry of 
Labour inspectors as an aid in ensuring that correct procedures are 
followed during the renovation or demolition of buildings containing 


friable asbestos. 


There are many obstacles to compiling such an inventory. In 
order to identify conclusively every potential "problem" building in the 
province, every building which might conceivably contain friable asbestos 
would have to be physically inspected. This would be a formidable task 
which would extend beyond the time scale of the Royal Commission on 
Asbestos. The cost of such a survey and the associated analysis of any 
suspect materials would be considerable. The cost of inspection is 
considered in more detail in Chapter 4. There are several alternatives 


to this universal inspection programme. 


If a scientifically selected cross-section of Ontario buildings 
could be chosen from an inventory of all buildings in the province, 
then the task of compiling the inventory would be reduced in size. The 
U.S. EPA has used this route to estimate the extent of a potential 
asbestos exposure problem in the U.S. public school system Gly. inis 


research required approximately one year to complete. 
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Since an inventory of all buildings in Ontario does not exist, 
a second route was selected to establish a building inventory. This 
route involved the preparation of two estimates. Firstly the organ- 
izations currently performing programmes of inspection and control 
were asked to provide information on the extent of friable asbestos in 
their buildings. This figure was expressed as a fraction of their total 
buildings and, where possible, as a fraction of their total floor areas. 
Secondly, an estimate was prepared of the total number of buildings or 
total floor area of buildings which were constructed during the period 
when friable asbestos products were in use. Both of these estimates 
are expected to be very approximate. Multiplying the estimated per- 
centage by the estimated total number of buildings constructed should 
give an order of magnitude estimate of the presence of friable asbestos 


in Ontario buildings. 


The methods of compiling the Ontario inventory and the estimate 
of buildings with friable asbestos along with the limitations of the 


estimate will be presented in this chapter. 


The EPA is currently conducting a second study to estimate the 
potential number of problem buildings in the private sector. This 
second EPA study, which will be completed in mid-1982, uses the same 


approach to compiling an inventory as the present Ontario study. 
EXTENT OF PROBLEM IN INSPECTED BUILDINGS 


Introduction 
A number of programmes of inspection have been identified in 
Chapter 2. These programmes are largely in the public sector, mainly in 


schools. Some programmes exist in the private sector but as a general 


rule they are not as well advanced nor are they comprehensive. In addition 
many private building owners were reluctant to relrease their information. 
It is therefore not possible to use information from the private sector in 
preparing the building inventory. The data available must therefore be 
used with caution as the buildings on which it has been compiled are not 


representative of the private sector. The buildings of Public Works Canada 


ois 


and the Windsor Utilities Commission are likely more typical of the 
universe of Ontario buildings. It was initially hoped that the information 
received from building owners could be used to determine the rate of 
occurrenceof potential problems in buildings of various types. This 
proved to be impossible due to the limited types of buildings inspected 


and limited quantities of the information. 


Another problem in compiling the inventory is that no general 
agreement exists between the organizations performing the inspection 
programmes as to what constitutes a "problem" building. In addition, 
some of the inspections included only sprayed asbestos-containing materials, 
not friable boiler or pipe insulation. Therefore, for the sake of the 
present work the inventory will primarily concentrate on sprayed asbestos- 
containing materials whether or not these sprayed materials in fact 
would be considered to pose a potential hazard at this time or not. Since 
the recently proposed Ontario Ministry of Labour Guidelines (6) specify 
that all friable asbestos-containing material must be removed before 
disturbance by renovation or demolition, then it is reasonable to include 
all friable sprayed asbestos-containing material in the inventory. It 
would be much more difficult to establish an inventory of buildings with 
friable asbestos-containing pipe and boiler insulation since the use of 
these materials is much more widespread and it has not been included in 
many inspection programmes. In addition, such insulation is often found 
only in a few service areas or on a few feet of piping and it is difficult 
to estimate this use. In the few cases where information is available 


on this asbestos-containing insulation, it will be presented as well. 


2.2 Results of Selected Programmes of Inspection 


The results of a number of programmes of inspection are summar ized 
in Table I. The majority of these have been discussed in Chapter 2. 
However, the information provided by several sources discussed in Chapter 
2 was not useful in preparing an inventory, and has been excluded from 
the Table. The information from Alberta Government Services (4) and the 
U.S. Environmental Protection Agency regarding elementary and secondary 


schools (1) have been added to this list. 
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The results listed in Table I illustrate the problems in using 
data from a sample of buildings which are not scientifically selected to 
represent all the buildings in the province. The percentage of buildings 
with a sprayed material ranges from 0.0 to 31.6%. The percentage of 
buildings with non-sprayed friable asbestos ranges, from 9.247 to/Z-278 
Therefore, without knowing the number of buildings in each category in 
the province it would be very difficult to arrive at a close estimate of 
the number of buildings with a potential exposure problem It appears 
that the percentage of the total building area with sprayed asbestos is 
greater in the school system than in the other sectors listed in Table I. 

This appears to be confirmed by data collected by the U.S. EPA which 
shows 9.3% of all school buildings pose a potential hazard of airborne 
asbestos. Sprayed friable asbestos is more prevalent in certain types 
of buildings such as steel as opposed to concrete structures, multi- 
storey as opposed to lower structures. The surveys available were not 


sufficiently detailed to forecast accurately the use of sprayed asbestos. 


As a general rule,where both the percentage of affected buildings 
and the percentage of the total building area is reported, the former 
figure is higher. This is due to the fact that often only a small part 
of a building is sprayed with an asbestos-containing material. Only 
the community college which had one very larged affected building was 


opposite to this pattern. 


The non-school sector produced a considerably lower percentage 
of affected buildings. Public Works Canada (PWC) identified only 0.34% 
of its own buildings and 1.2% of its leased buildings with sprayed 
friable asbestos. The PWC calculation included all buildings under its 
jurisdiction. If one considers the Ontario Region only, 0.85% of the 
total buildings owned by PWC contain sprayed friable material. In the 
Ontario region 4.4% of all PWC leased buildings contain sprayed asbestos- 
containing material. The percentage is higher in the leased buildings | 
since they tend to be larger and more likely to contain friable sprayed : 


materials for fireproofing purposes due to the methods of construction. 
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The remaining non-school programmes have also shown significantly 
lower percentages of sprayed asbestos-containing material than in schools. 
The National Capital Commission (NCC) identified only 0.8% of its 
buildings with sprayed asbestos-containing material. The percentage of 
area affected (while not available) would be less than this figure 
since the affected areas are small service areas. Windsor Utilities 
Commission buildings contained no sprayed material. The percentage of 
buildings with other friable asbestos (mainly pipe insulation) is large 
in both NCC (20.0%) and Windsor Utilities Commission (28.2%). The 
Alberta Ministry of Government Services has recently completed a survey 
of all sprayed friable asbestos-containing material in its buildings. 
Approximately 2% of the total area of the buildings owned by the Alberta 


Government were shown to have sprayed asbestos-containing material. 


If one considers the very limited data available and recognizes 
that it may not be representative of all buildings in Ontario, due to 
the largely governmental and school buildings inspected, the preparation 
of an accurate estimate of the percentage of affected buildings or 
floor area is seen to be impossible. The programmes in the school systems 
have detected from 0.0 to 18.4% of the floor area with sprayed friable 
asbestos. In the non-school sector, the programmes have indicated from 
0.0 to 4.4% of the inspected buildings contain sprayed friable asbestos. 
The range of thesedata indicates that the overall percentage of affected 
buildings or affected floor area will likely lie in the range from 1 to 
10%. This will be considered in more detail in a later section. In 
order to produce a closer estimate than this, it would be necessary to 
perform a much more extensive programme of inspection. This was beyond 


the scope of the current work. 


The use of sprayed asbestos was most widespread in the years 1950 
to 1973. The information provided by the various sources did not 
usually specifically identify the ages of their buildings. Ttipas likely 
however that most buildings constructed before 1950 were in some way 
renovated or added to in the years 1950 to 1973 when the province was 


experiencing a period of rapid growth and construction. 
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Where reported, it is clear that a higher percentage of buildings 
contain asbestos-containing pipe and boiler insulation, ceiling tile,or 
fire stop flaps than sprayed material. These percentages range from 
10.7 to 72.2%. This material is usually confined to the service areas 
or ducts of the building and no estimate of the total area affected 
can be made. Information provided in other chapters indicates the sub- 
Stantial costs of removing this pipe and boiler insulation and the severe 
worker exposure that this removal may produce. In spite of these con- 
siderations, no attempt will be made to include the buildings containing 
friable asbestos pipe insulation in the building inventory as the available 


data are not sufficiently complete for this purpose. 


BUILDINGS CONSTRUCTED 1950 - 1973 in Ontario 


Sprayed asbestos-containing products have been in use in North 
America since 1935. Preliminary results from the EPA building inventory 
study (2) indicate that at least 90% of the usage of sprayed asbestos 
containing products occurred after 1950 when it was given Underwriters 
Laboratory approval as a fireproofing coating. Although no systematic 
study has been made in Canada it would be expected that a similar pattern 
of use occurred here. It would therefore be reasonable to assume that 
only buildings constructed or renovated in the years 1950 to 1973 are 
liable to contain sprayed asbestos-containing materials. The use of 
asbestos thermal pipe or boiler insulation dates from the 1920's or 
1930's but as discussed earlier this material will not be considered in 


the building inventory. 


Detailed data from which to compile an inventory of Ontario 
buildings constructed in this period are not readily available. The 
limited information that is available is from a variety of sources and 
is difficult to combine. The report of the City of Toronto's Department 
of Public Health (3) used the total number of building permits issued 
from 1945 to 1973 to estimate that approximately 163,347 buildings in 


the City of Toronto would require some form of inspection. This 


oe, 


total includes new construction and renovations of all types of structures. 
Most of these would not have any likelihood of coubainune Soren asbestos 
since the total includes residential construction, temporary structures, fire 
escapes, etc. Few residential buildings contain sprayed asbestos. The 
construction techniques of single family residences or multi-storey apartments 
generally do not require any sprayed fireproofing or acoustic materials. A 
very limited amount of sprayed material has been used for thermal insulation in 


residences but this is unusual. 


Statistics Canada provides data on the value of building permits issued 
from 1951 onwards (5). The data recorded for Ontario under the categories 
Industrial, Commercial, and Institutional and Governmental are shown in Table 
Il. The presence of sprayed asbestos in residential accommodation is quite 
rare so this category is not considered. All data are reported in current 
dollars (no allowance for inflation). This listing will include renovations 
and new construction. The value of the construction may be underestimated 
since the cost of the permit is based on the estimated value of the 
construction and there is a tendency to underestimate the value. The same 
information is presented for the City of Toronto (1950 - 1973) in Table 12 eB i 
The information has been summarized in Table IV (a) and (b), for the years 1950 
294959,.1960 .- 196991970 - 1973. Table IV (b) also contains the percentage of 
total construction in the province which occurred in the City of Toronto in 


each of the categories and year groupings. 


Since these data report the dollar value of construction it is necessary 
to convert in some way to the total square metres of construction or number of 
buildings constructed. Information which would enable this to be done was 
available only from the City of Toronto which maintains a land use file from 
1940 (7). This land use file records any changes in the land use caused by 
construction or demolition. The information is summarized in Table V ror 
buildings built in the City of Toronto between 1950 - 1973. This information 
has been grouped into three sub-divisions:1950 - 1959, 1960 — 1969 ,and 1970 - 
1973. This information does not include relatively minor renovations to 
entlatoee although major renovations would be included. The average area of 
the buildings in each category is shown as well. The average cost per 
‘pbuilding and average cost per square metre is calculated from the building 
permit values in Table IV (b) and the land use information and is reported in 
Table V. 
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TABLE If 


Value of Industrial, Commercial, and Institutional 
and Governmental Building Permits Issued in 
Ontario 1951 - 1973 (reported in thousands of 


current dollars) 
SES: Oh SS ee he Ae ee ee eS eee ee 


Institutional & 


= 


Year Industrial Commercial Governmental 
1950* 81,545 V257712 61,468 
1951 81,545 TE Ts 61,468 
L952 69,594 82,605 OL, 250 
1953 111,940 95,877 82,288 
1954 93,388 86,902 100,767 
1955 79,078 ELA. Loo 96,425 
1956 100, 998 120,350 127,691 
1957 95,880 161,718 126,455 
1958 90,143 155,205 ZUSeao3 
1959 93,940 189,096 185,639 
1960 107 ,446 173, 002 186,840 
1961 95,559 NBS I es 2 200,356 
1962 108,872 177,245 303,9554 
1963 151,910 182,726 264 233 
1964 i Ihe iar I 8 240,319 304,259 
1965 2A, 291 275,705 400,637 
1966 281,534 330,478 452,803 
1967 200, 868 280,858 518, 698 
1968 183,292 294,133 5525008 
1969 299,300 3625128 D1L2 023 
1970 230,560 414,513 DIG, 2e8 
1971 196, 882 488,607 459,263 
1972 278,890 564,472 430,965 
1973 428,004 849, 323 377,689 


* figure for 1950 not available; value for 1951 used for 1950. 
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TABLE IIT 


Value of Industrial, Commercial, and Institutional 
and Governmental Building Permits Issued in 

the City of Toronto 1951 - 1973 (reported in 
thousands of current dollars) 


Institutional & 


Year Industrial Commercial Governmental 
1950* 12,891 16,535 8,780 
1951 12 7891 16,535 8,780 
1952 9,700 £53 On 9,025 
1953 21,386 35, O21 (Ages: 
1954 7 48a 20,331 E270 
1955 54805 25,647 8,793 
1956 9,690 21,694 11,565 
1957 7,444 61,005 Zi 262 
1958 Sy hee 41,540 29,401 
1959 7oi24 52,413 21,567 
1960 15,116 38,959 Sas1235 
1961 9,665 56,144 24,394 
1962 95,939 39,659 44,904 
1963 15,994 43,544 28, 218 
1964 LO-FI 53,804 67 , 624 
1965 4,391 875672 48,698 
1966 8,941 97,959 29,060 
1967 8,092 76,754 88, 086 
1968 12,865 73,490 70,446 
1969 13,469 82,953 8/2713 
1970 26,834 1405228 68,961 
1971 23,669 175,789 62,811 
1972 4,730 1142728 765320 
1973 19,787 247,633 46,832 


* figure for 1950 not available; value for 1951 used for 1950. 


Years 

1950 - 1959 
1960 - 1969 
1970 - 1973 
Years 

1950 - 1959 
1960 - 1969 
1970 - 1973 


Industrial 


898,051 


1,823,583 


1,134,336 


TABLE IV 


(a) Ontario 


Commercial 
1,154,436 
2,534,566 


2,316,915 


(b) City of Toronto 


(percentage of Ontario total given in brackets) 


Industrial 


110,135 
(127.3) 


104,579 
(5.7) 


75,020 
(6.6) 


Commercial 


306,112 
(26.5) 


650, 938 
(2557) 


679,371 
(29.3) 


Value of Industrial, Commercial, and Institutional 
and Governmental Building Permits Issued 
1950..>.1959; 1960.-.1969, 1970 - 1973 
(thousands of current dollars) 
eS SON Sas 


Governmental 
and Institutional 
oo tb itutional 


1,106,794 
3,696,207 


1,846,140 


Governmental 
and Institutional 
oem astitutional 


137,594 
(12.4) 


5234266 
(1422) 


254, 924 
(13.8) 
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It is clear that the data from the two sources are not completely 
compatible and that this may introduce a considerable error in the cost 
per square metre or cost per building. This incompat ibility is greatest 
in their treatment of renovations. The information from Statistics 
Canada includes all building permits but the information from the City 


of Toronto described new buildings or major renovations only. 


The average cost per square metre and average cost per building 
in the City of Toronto have been used with the information in Table IV (a) 
to estimate the total number of buildings and total floor area of indus- 
trial, commercial, and governmental and institutional construction in 


Ontario. This information is presented in Table IV. The City of Toronto 


a 


accounts for a significant percentage of the total construction in 
Ontario (approximately 8.0% of industrial, 27.0% of commercial, and 13.5% | 
of governmental and institutional construction, 1950 - 1973). The City 

of Torontois not typical of the province in the average cost of individual 
projects. The average cost per square metre of floor space is likely more 

typical, although probably still above the provincial average. In any 


case the calculated information in Table VI must be regarded only as a 


very general approximation. 


ESTIMATION OF SPRAYED ASBESTOS IN ONTARIO BUILDINGS 
——— i SN UNTARLO BUILDINGS 


Due to the very approximate estimate of the volume of construction 
and percentage of construction with sprayed asbestos products, the estimate 
of the extent of sprayed-asbestos containing materials in Ontario buildings 
will be subject to considerable uncertainty. It should be considered as 
an order of magnitude estimate which may be useful for discussion. As 
pointed out earlier the preparation of a more accurate estimate would 
require an extensive programme of inspection of a group of scientifically 


selected buildings representatives of all types of buildings in the province. 


Some of the limitations of the data have been discussed in the 


previous sections. A major difficulty arises because the programmes of 


inspection have been performed in the public and school sector. These 


buildings are not representative of many types of construction in the 


private sector. Sprayed asbestos-containing materials have been used in 


industrial, mining, and heavy and light manufacturing buildings. 


Years 

1950 - 1959 
1960 - 1969 
1970 - 1973 


TABLE VI 


Total Number of Buildings and Total Floor 


Area of Industrial, Commercial, and 


Governmental and Institutional Buildings 


in Ontario 1950 - 1973 (estimated from 


Tables IV and V) 


Category 


Industrial 
Commerical 
Governmental 


and Institutional 


TOTAL 


Industrial 
Commercial 
Governmental 


and Institutional 


TOTAL 


Industrial 
Commercial 
Governmental 


and Institutional 


en 


TOTAL 


Number of 
Buildings 


3,414 
7,907 
1,456 


12 777 


2,876 
5 , 632 
960 


9,468 


302 
984 
260 


1,546 


Swi 


Floor Area 


Thousand m 


5,282 
8,305 
4,517 


18,104 


3,039 
10,740 
6,708 


20,487 


547 
3,900 
2,081 


6,528 


Sele 


No information was available from this sector and the extent of its use 
in this sector, while expected by the author to be substantial, is not 
known. The percentage of the total area or total building containing 
asbestos is also extremely variable. The percentage of areas containing 
sprayed asbestos-containing materials range from 0.0 to 18.4%. Only 
five of the inspection programmes contained sufficient information to 
express the extent of sprayed asbestos-containing material as a percentage 
of total floor area. Most of the programmes reported only the percentage 
of buildings with sprayed asbestos-containing materials. The percentage 
of area affected is usually much smaller than the percentage of buildings 
affected since often only a part of a building is treated with sprayed 
asbestos-containing material. The establishment of the inventory should 
be performed using the lower area percentage because the cost of remedial 
work is related to the area of the sprayed material not to the total 


building area. 


Another major limitation of the data concerns the years over which 
the building data is available. The programmes of inspection reported in 
Table I were generally for all buildings owned or Operated by the par- 
ticular organization with no regard to the year of construction. At times 
more recently constructed buildings (post-1973 or 1975) have been 
excluded from the inspections. Most programmes of inspection are performed 
in this fashion since the exact year that older construction or renovation 
was performed is not know. The data on buildings constructed (or 
extensively renovated) in Ontario are complete and available only from 
1950. Therefore buildings constructed prior to 1950 and not renovated 
between 1950 and 1973 are not included in the construction inventory 
in Table VI. Although the buildings constructed or extensively renovated 
from 1950 to 1973 form a substantial part of the total area of the type 
of buildings under consideration, exclusion of the pre-1950 construction 
is a serious deficiency in the total inventory. Without a more complete 
survey of a selected group of buildings there was no way to overcome this 
problem. Another problem concerns the minor renovations of buildings. 
Since the data from the City of Toronto did not include minor renovations, 
these buildings would also be excluded from the inventory of buildings 


listed in Table VI. Since at least some of the sprayed asbestos- 


———— 


ce | 


containing material was applied as part of minor renovations, this tends 


to exclude another segment of possibly affected buildings. 


One of the most serious deficiencies of the data involves using 
information on the industrial, commercial, institutional, and governmental 
buildings in the City °f Toronto to extrapolate to the province as a 
whole. The projects in the City of Toronto (with the possible excep- 
tion of industrial construction) will certainly be larger than the 
provincial average. The euicutaved number of buildings constructed in 
the province between 1950 and 1973 (23,791 from Table VI) will there- 
fore be an underestimate. The average cost per square metre of construction 
in the City of Toronto would also be expected to be higher than the pro- 
vincial average which Genie also produce an underestimate of the total 
floor area of construction in the province. Finally, the value of 
construction is based on building permits which themselves tend to be 
underestimates of the cost of construction (8). This last factor may not 
be a problem as the information for the province and for the City of 
Toronto would both be subject to the same underestimate. These would 


therefore tend to cancel each other. 


Subject to the limitations discussed above and based on the 
data in Table I and discussions with the various organizations involved, 
it is the author's conclusion that a minimum of 2% and a maximum of 10% 
of the total area of industrial, commercial, institutional, and governmental 
construction in Ontario will contain sprayed asbestos-containing material. 
The percentage of affected area reported for the Toronto Board of Education 
and the Community College exceed 10% and the percentage for the Dufferin- 
Peel R.C.§.S. and Windsor Utilities Commission are less than 2%. This 
is due to the specific types of construction used in these organizations. 
Due to the large number of buildings in the school system and some specific 
construction projects of large area in the private sector the overall 
affected area will likely exceed this 2% figure. The most probable per- 
centage of area with sprayed asbestos-containing material based on the author's 


experience and discussions with other inspectors is 4% to 5% of the total area. 


The total area of construction from 1950 to 1973 in Ontario is 
Z 2 
reported to be approximately 45,119,000 m , or 45,000,000 m. If one 


combines these figures, taking note of all the limitations discussed above, 
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the floor area of sprayed asbestos-containing materials in Ontario ranges 
from. 900, 000 at to 4,500,000 Ertan the most likely area being in the 

zZ Zz 
range from 1,800,000 m to 2,250,000 m. 


PIPE INSULATION IN ONTARIO BUILDINGS 


No estimate of the extent of friable asbestos-containing pipe 
insulation could be compiled from the available data. As discussed 
earlier in this chapter generally a larger percentage of buildings contain 
other friable asbestos-containing materials (mainly pipe insulation) than 
contain sprayed materials. In the surveys reported in Table I the per- 
centage with other friable materials range from 9.2% to 72.2%. These 
materials are often very limited in extent and are often confined to 
service areas. Some of the surveys included such material as ceiling 
tiles with a very low asbestos content or fire stop flaps. There is no 
information available indicating that these can release fibres to a 
building environment or whether they should be included in an inventory. 
Some genuinely friable materials however are often overlooked in surveys 
and therefore even the above percentages may be low. Thermal insulation 
products were used over a longer period of time than sprayed material 


and were often installed during minor renovations or building maintenance. 


Although no estimate can be prepared on the extent of these 
other friable asbestos-containing materials in Ontario buildings, their 
use cannot and should not be ignored. This is particularly true because 
of the hazard of exposure to airborne fibres during demolition which is 


described in Chapter 7. 


CONCLUSIONS 


The estimation of the extent of sprayed asbestos containing 
material in Ontario have proven to be very difficult. The difficulties 
were due to the limited information available from current programmes of 
inspection and the lack of an accurate inventory of the total area of 
buildings in the province. An estimate was prepared but is subject to 
many approximations. These approximations and the assumptions necessary 
to prepare the estimate are described in detail in Section 4. “The »sper= 
centage of floor area containing sprayed asbestos-containing material was 
estimated to be in range of 2% to 10%,with the most probable percentage 


from 4% to 5%. This results in a possibly affected floor area ranging 


S13 hes 


from 900,000 ie to 4,500,000 wien the most probable affected floor 
area from 1,800,000 - £Oa 2,290,000 ne These figures are very rough 


estimates and should be considered as such. 


The extent of friable asbestos-containing pipe insulation or 
other friable asbestos-containing materials could not be estimated with 
the data available. The programmes of inspection reported in this chapter 
indicate that from 9.2% to 72.2% of the buildings inspected to date 
contain some form of friable asbestos other than sprayed materials. 

These materials may exist only in very small quantities or areas of a 


building and may in fact not pose any genuine potential for fibre release. 


It is the author's opinion that a more detailed inventory of the 
extent of friable asbestos in Ontario would be of limited use to the 
Royal Commission on Asbestos. The main use of a complete inventory 
would be to alert the Construction Health and Safety Branch of the 
Ministry of Labour of upcoming renovations or demolition of specific 
buildings with these products to allow adequate inspection of the work. 
This would involve identifying the affected building by name and location 


and maintaining a file in the appropriate branch of the Ministry. 


ne 


ik 
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CHAPTER 4 


COST OF BUILDING INSPECTION 


INTRODUCTION 


The programmes of asbestos control in buildings described in Chapter 2 
are dependent on the correct identification of friable asbestos installations 
that pose a potential hazard. Two very distinct routes of performing building 
inspections have been utilized by both public and private organizations. These 
are: (a) existing staff are trained in performing asbestos inspections and 

perform the inspections; 

(b) an external consultant is hired to conduct the inspection and submit 


reports to the owner. 


The costs of the first route are often hidden within the normal cost of 
building maintenance and any estimate may underestimate the time coste The 
costs of the second route are easily identified and can be easily separated 
from other maintenance tasks. The cost of building inspection by each of these 
routes will be estimated in this chapter. If an incorrect or inadequate 
inspection is performed, necessary work may be overlooked or unnecessary or 


incorrect work may be performede The effects of this will also be considered. 


INSPECTION PERFORMED BY EXISTING STAFF 


United States 


The legislated programme of asbestos detection and hazard assessment in 
the United States (1) has generally been implemented using existing staff of 
the Local Education Agency (LEA). A recent publication of the U.S. EPA (8) has 
attempted to identify the cost of this programme. This information was col- 
lected by mailing letters of enquiry to schools and school districts requesting 
data on the square footage of each school surveyed, the amount of time spent 
surveying each school, the hourly rate of the surveyor,and the cost of bulk 
sample analysise These data were initially used to develop costs on a square 
foot basise This unit cost of inspection was found to be extremely variable, 
mainly due to the fact that estimated inspection times and costs for small 
schools approached those of larger schools. Therefore, only costs ona “per 


school basis" were reported in the final report. 
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Based on responses from 247 school boards, “the average cost of 
inspecting a school building was $21.04 with a minimum cost of $3.36 and a 
maximum cost of $156.00. The hourly rates of the inspectors were very low, in 
the order of $7.80 to $10.00 per hour. This cost obviously contains no 
allowance for overhead, administration services, or staff training and cannot 
be considered a realistic rate to compare with Canadian costs. The time 
required to perform a school inspection ranged from one-half hour up to twenty 
hourse These time estimates also apparently include no allowance for training 
time, travelling or reporting. The schools reporting in this survey ranged 
from small rural schools (less than 50 square metres) to large urban schools 


(greater than 50,000 square metres). 


The relatively brief inspections and the professions of the inspectors 
(school administrators, maintenance employees, health specialists,or archi- 
tects) indicate that these inspections were basically walk-through or brief 
surveys, intended only as preliminary inspections. That is, the inspection was 
intended mainly to show the presence or absence of friable asbestos materials. 
If the presence is confirmed, then a second follow-up survey to evaluate the 
installation, recommend corrective action, and mark the extent of the install- 
ation on building plans for tendering or control programmes would be needed. 
It has been the experience of the author and the Ontario Ministry of Education 
that these walk-through inspections may miss a large percentage of the friable 
asbestos, unless the inspectors have been adequately trained. The EPA report 


makes no mention of the training of inspectors. 


The average cost of sample analyses was reported as $42.50 per sample. 
The recommended minimum number of samples from each school is 3, and the 
recommended maximum is 7. If one assumes that on average 5 samples are 
Submitted from each school, then the average total cost for the inspection and 
analysis is $233.99. This would not include the follow-up inspection programme 


and marking of building plans for tendering. 


Canada 


Several of the most complete programmes of inspection, analysis, and 


control in Canada have been performed by the federal government. The three 


departments of Public Works, Transport, and National Defence, which together 


administer or control over 75 percent of the federally-owned buildings, carried 


a 


~ 
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out the largest programmes, although most smaller departments carried out 
similar programmes. Due to the availability of suitable staff (architects, 
engineers, safety officers, building managers) and the dispersed nature of the 
federally owned buildings, a decision was made to perform all insepctions using 
existing staff and to use that staff to control and inspect the majority of any 
necessary remedial work. The staff of inspectors was trained by sending 
appropriate regional or site personnel to asbestos training courses. The total 
number of persons attending courses presented by either Ontario Research 
Foundation or the Association of the Wall and Ceiling Industry-International 
is as follows: 

Public Works 35 attendees 

Transport iS ‘ 

National Defence 9g 

Indian and Northern Affairs 7 

National Capital Commission 3 

Health and Welfare 3 

Correctional Services 3 

Parks 2 i 

Labour Z 

National Research Council al § 

84 


TOTAL 


In order to obtain an estimate of the cost of the inspections, the 
programmes of Public Works Canada (PWC) (2) and the National Capital Commission 
(NCC)(3) will be considered. PWC represents a large owner with buildings 
distributed across Canada; NCC is a much smaller property~owner within a very 


localized region. These will be considered separately below. 


Public Works Canada (PWC) 


Public Works Canada owns or manages a total of approximately 12,950 
buildings in Canada. These include administrative, operational (mail 
processing, garages, etce), institutional (training centres), and residential 
buildingse An initial survey based on building plans, years of construction, 
and building types was performed to select buildings which required physical 


inspection. A total of 3,730 buildings were judged to require this inspection. 
A total of 35 PWC employees were trained to perform these inspections. The 


total cost of the training course for each attendee from PWC was estimated to 


be approximately $2,000.00, including all expenses of travel,, course cogc, 
wages etc. On their return to their respective regions, inspections of the 
3,730 buildings were performed by these persons. The inspections were 
performed largely in conjunction with scheduled inspections or site visits 
which essentially eliminated travel time and travel costs from the asbestos 
control programme. The time required to perform an inspection varies with the 
size of building and thoroughness of the inspection. Since a large number of 
PWC buildings were quite small, the average time of inspection was estimated 
not to exceed four hours. This estimate includes a provision for re-inspection 


of buildings once the presence of sprayed asbestos was identified by the 


preliminary inspection. The hourly cost of the inspectors could not be easily 
estimated by PWC and an assumption is made here that the cost will be the same 

as the inspectors for the OntarioMinistry of Labour's Construction Health and Safe 
Branch. This cost was estimated in 1980 to be $30.85 per hour (4). The total 
number of samples analysed for asbestos by a non-governmental laboratory was 
approximately 1/0, at a cost of $40.00 per sample. A larger (but unidentified) 
number of samples were analysed by Health and Welfare Canada. A very rough 
estimate of the total cost of this was $12,000, based on an estimate of 3 man- 


months for the analysis. These data are summarized in Table I. 
TABLE I 
COST OF INSPECTING PUBLIC WORKS CANADA NON-RESIDENTIAL BUILDINGS 
SEP ESE IND ERUTING FUBLIG WORKS CANADA NON-RESIDENTIAL BUILDINGS 


Cost of Preliminary Survey of 10,500 Non-Residential Buildings $ 20,000.00 


Training of Personnel 39 x SZ2,U00.00 70,000.00 
Inspection Cost AMES 5 the gi) SOLS 30.85 460,282.00 
Analytical Cost (Outside Laboratory) L70 x S$ 40.00 6,800.00 
Analytical Cost (Health and Welfare Canada) 12,000.00 
TOTAL COST $569,082.00 
Cost per Building Inspected (3,730 buildings) $152.57 
Cost per Non-Residential Building (10,050 buildings) $ 34.20 


Cost per Square Metre (7,794,790 m2) § Os07 
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The cost per square metre is based on a total floor aréa of 7,80U, 000 
square metres which includes the residential buildings. This unit cost is, 
therefore, a somewhat low estimate. The average cost of inspection per 
building is higher than the average of $21.04 obtained by the EPA study, but 
the analytical costs are lower due to fewer samples analyZed. The higher cost 
of the PWC inspection is due to the following factors: 

(a) a more realistic wage rate has been used; 

(b) training costs of inspectors are included; 

(c) trained inspectors tend to do a more complete inspection ; 


(d) costs of re-inspection are included. 


The programme of PWC has an additional advantage in that the 35 
employees who have attended a training course will have obtained some training 
on the control and treatment of asbestos in buildings. These employees will be 
useful in implementing a programme of asbestos management and custodial control 


if it is needed, or overseeing any asbestos abatement contracts. 


2.2.2 National Capital Commission (NCC ) 
The NCC manages or owns a total of approximately 250 commercial 


properties -- largely retail stores, service establishments and institutional 
buildingse The NCC trained 2 employees for the programme of inspection, plus 


an additional maintenance employee. 


The cost for training the inspectors amounted to approximately $2,500.00 
per person. The employees selected as inspectors were involved in safety and 
engineering for the Commission and were thoroughly familiar with the buildings 
to be inspected. The inspections required a total of approximately 120 
man-days. Very little sprayed material was found (only two installations) and 
a total of 4 samples were analyZed- A very considerable quantity of asbestos~ 
containing pipe insulation was detected, howevere This material was largely 
identified by building specifications, visual inspection, and the experience of 
the inspectors. This identification is not conclusive and should not generally 
be used- In this case, the costs of the remedial work were judged to be less 
expensive than the analysis of the samples.- The visual identification of 
asbestos in pipe or boiler insulation is also usually more straightforward than 
with aprayed material. The same wage rate for the inspectors is used as for 


PWC. The data are summarized in Table Il. 
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TABLE II 


COST OF INSPECTING NATIONAL CAPITAL COMMISSION BUILDINGS 
EEL OD LUN DULLUINGO 


Training of Personnel 2 XI52 5500000 $ 5,000.00 
Inspection Cost N20 3x] SOM aS Oe oS 27, 1626 OG 
Analytical Cost Ay exe S40 00 160.00 
TOTAL COST $32,925.00 
Cost per building (250 buildings) $131.70 


This cost is somewhat lower than the cost per building inspected by PWC, 
partially due to the small number of samples analyzed. The travel time and 
travel costs were also very low since the buildings of the NCC are largely 


within walking distance of its offices. 


INSPECTION PERFORMED BY OUTSIDE CONSULTANT 
OO 


The survey of school buildings has been the most active area of ins pec~ 
tion and analysis in Ontarioe Most school boards have used their own staff to 
perform an initial walk-through inspection and hired consultants to perform an 
in-depth analysis. The initial inspection was largely prompted by the Ministry 
of Education memoranda discussed in Chapter 2 and used procedures described in 
the Ministry of Labour booklet “Inspecting Schools for Asbestos” (5). The time 
for this initial inspection was estimated by the suburban Toronto Board 
(Chapter 2 Section 3.1.2) to be approximately 1 hour per school. This estimate 
was made for a relatively compact school district with rather large schools, 


but is considered by the author to be a reasonable estimate for most boards. 


The cost of the second survey, which is much more in-depth and included 
a complete identification of asbestos-containing material on building plans, 
can be very accurately determined from data from school boards and a consultant 
who has performed numerous inspections. The initial inspection of the Toronto 
School Board (6) showed that approximately 50 of their 158 buildings required a 
detailed survey. This was performed by a consultant at a cost of $12,200.00. 


In all, 250 samples were taken for analysis and a typical cost of analysis of 


$40.00 per sample is used for estimating the cost. 


The initial inspection was estimated by this Board to require approximately one 
man month. The Ontario Ministry of Labour hourly cost (4) is used for this 
initial inspection. The data is summarized in Table III. 


TABLE ILL 


COST OF INSPECTING THE TORONTO BOARD OF EDUCATION BUILDINGS 


Initial Inspection 20 x 725 x $30-85 S$ 4,627.00 
Consulting Fee for Re~Inspection 12,200.00 
Analytical Cost 250 x $40.00 10,000.00 
TOTAL COST Valder eval ese 
Cost per building (158 buildings) $169.79 
Cost per square metre Ss  Oe0Z 


This is similar to the cost per building calculated by PWC and the NCC 
using their own staff. The cost is kept low primarily due to the initial 
inspection performed by the Board staff which reduced the number of schools 
inspected by the consultant. The cost per square metre of area is very low at 
$0.02 due to the rather large and uncomplicated buildings inspected. Averaged 
over the 50 schools inspected by the consultant, the cost per school would be 


increased to $536.55. 


The rural board described in Chapter 2, Section 3.1.4 hired an outside 
consultant to inspect every school. The cost of this study was approximately 
$15,000 for the entire board. There were 118 samples analyzed. Using the 
analytical Eopt eect ie ce of $40.00 per sample, the cost per building was 
$597.57. The cost per square metre was approximately $0.10. The higher cost 
per square metre reflects the fact that the consultant inspected every school. 
In addition, the time and cost of travel were substantial for this rural board. 
The costSof this and other studies described here were covered by the Ontario 


Ministry of Education. 


The Windsor Utilities Commission programme described in Chapter 2, 


Section 3-4 utilized an outside consultant for the entire inspection and 
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analysis programme (6). The buildings of the Commission were generally small, 
ranging from as little as 10 square metres to a maximum of 7,000 square metres. 
The buildings averaged approximately 500 square metres. The total charge for 
the inspection (including the analysis cost of 30 samples) averaged approxi- 
mately $175.00 per building, or $0.34 per square metree The low cost per 
building reflects the small size of the buildings and the compact geographical 
distribution (all within Windsor City limits). The costs ona Square-metre 
basis are very high as the time for inspection of the small intricate building 


types is very high expressed on the basis of floor area. 


The costs quoted above were obtained from building owners or their 
representativese The time estimate for a walk-through type inspection and a 
thorough inspection including marking of building plans was also obtained from 
a private consultant (10). The estimated time for a preliminary survey for the 
presence of asbestos was estimated to be of the order of one hour per 1,000 
Square metrese This includes collation of results, preparation of reports and 
reasonable travel distance (usually 15-30 km). If a typical charge of $40.00 
per hour is assumed (the actual rates known to the author range from 
approximately $25.00 per hour to over $70.00 per hour), then the cost becomes 
$0-04 per square metre-e This would not include the cost of sample analysis. 
Sampling frequency is very subjective, but if friable material is found, a 
minimum of two or three samples must be taken in each building in widely 
separated locations. The results of this initial Survey must be reported with 
drawings showing sample locations and an assessment of the condition of the 


material. 


For a secondary survey, detailed enough to provide working drawings for 
contract tendering, the time required is Significantly greater. Based on 
elementary and secondary schools, the time ranges from U.12 to 0.5 hours per 
1,000 square metre with an average of 0-25 hours. This would yield an average 
cost of $0-10 per square metre. The lower end of the range is applicable to 
buildings which may contain only a small amount of sprayed material, .as it is 
the average cost over the entire building. The higher end of the range is 
accounted for by buildings of greater complexity with more sprayed material 


where more careful systematic surveying is required.- The consultant also 
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concluded that the cost for the survey of non-school buildings is somewhat 
greater as the buildings tend to be smaller and more complicated. This 


confirms the trend described above for the Windsor Utilities Commission. 


COST OF IMPROPER INSPECTIONS OR RECOMMENDATIONS 


The asbestos control industry is a relatively young industry which offers 
the opportunity of large profits to some individuals or firms. The inspection 


of buildings and the preparation of recommendations encompasses a number of 


’ fields or disciplines and requires a knowledge of building construction and 


inspection, environmental pollution, analytical methods of asbestos detection, 
provincial regulations,and even a slight knowledge of air handling systems and 
maintenance procedures- No professional body specifically licenses either 
contractors or asbestos inspectors. Competence in other fields of building 
inspection or environmental monitoring does not guarantee that a proper inspec 


tion programme or recommendation will be made e 


A number of instances are known to the author where inadequate inspec 
tions or improper recommendations have been made in specific sites. Although 
none of these can be identified by name, a number of instances will be described 
which cover the major inadequacies of improperly performed inspections or 


improper recommendations. 


(a) Incomplete Inspection 
The use of inadequately trained or careless inspectors can lead to signi- 
ficant amounts of friable asbestos-containing material being overlooked. 
This was the case with at least two school boards in Ontario which used 
their own maintenance employees for the initial inspection. Although 
they reported little or no asbestos-containing material initially, a 
later inspection revealed substantial quantities in many buildings. This 
was largely located above suspended ceilings or in maintenance areas 


where it was not readily visible. 


(b) Improper Inspection or Analysis 
Any inspection programme must include a correct analysis of the suspect 


friable materiale One case is known to the author where substantial 


remedial work had been recommended to the building owner on the basis of 
a visual inspection and the use of the building specification. An 
analysis of the material just prior to commencement of the work indicated 
that the fireproofing contained no asbestos and the unnecessary remedial 
work was cancelled. An incorrect analysis can result in equally expen- 
Sive mistakes. An example of this occurred in two different provinces 
when the same mineral wool fibre was incorrectly identified as being 
amosite by inexperienced laboratories using equipment which was not 


correct for asbestos analysis. 


c) Improper Recommendations 
The building owner usually places a great deal of reliance on the 
recommendations of an outside consultant. The recommendation of the 
appropriate remedial action requires a very subjective judgement and often 
more than one remedial action may be acceptable. There are cases known 
to the author where clearly incorrect recommendations have been made 
which have resulted in unnecessary work being performed. Two examples of 
this will be cited. In one instance outside Ontario, a contractor was 
called in to provide assistance to a school board. The contractor 
recommended removal of a stable cementitious installation containing less 
than 5% asbestose The school board adopted this clearly unnecessary 
action and the contractor was awarded the work. In a second instance the 
representatives of a firm supplying an encapsulating material recommended 
encapsulation on a fireproofing spray which was approximately 2" thick 
and showed poor adhesion and extensive delamination. This was carried 


out and resulted in extensive delamination of the fireproofing. 


No estimate of the cost of these inadequate inspections or recommenda-— 
tions will be made here. It is clear from these examples, however, that 
inspectors should have training and experience in asbestos inspection and should 


not be actively engaged in supplying materials or contracting services. 


5e 
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CONCLUSIONS 


The cost of the inspection programmes described in this chapter vary 
significantly depending on many factors. The costs are summarized on a per 
Square metre or per building basis in Table IV. There appears to be no 
systematic variation in the cost of inspection between the inspections performed 
by existing staff or inspections performed by an outside consultant or 
inspector. The costs per square metre agree reasonably well with the estimate 
of $0.04 per square metre for a preliminary inspection and $0.10 per square 


metre for an in-depth inspection provided by a consultant working in the field. 


The results in Table IV indicate that a preliminary inspection, usually 
performed by the building owner (such as PWC or the Toronto Board of Education), 
can reduce the total cost of an inspection programme significantly by 
eliminating the need for a physical inspection in a large percentage of the 
buildings. This preliminary screening must be performed carefully in order to 
detect all buildings with a potential hazard which may require inspection. As 
an example of the savings possible, the cost per building physically inspected 
was similar for the Toronto Board of Education and the Rural Board, but the cost 
averaged over all buildings was approximately one-third as much for Toronto due 
to the preliminary screenings The cost per square metre ranges from SU.02 *t0 
$0.34 per square metre. This is largely due to differences in the building type 
or complexity, size of the building, and the use of this preliminary screening. 
In relatively small complex buildings such as Windsor Utilities, the cost per 
Square metre will be high, whereas in rather large school buildings with quite 
uniform designs such as the Toronto Board of Education, the cost per square 
metre will be lowe The inspection of a large number of buildings as opposed to 
one or two buildings will also reduce the average cost per building or cost per 


square metre due to economies of scale. 


Since the cost of inspection can vary for any or all of the reasons 
described above, it is important that the figures be used with caution. In 
order to predict the cost of an inspection, persons using the figures provided 


should attempt to compare their buildings with the most similar building types 


of the programmes described. 
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It is essential that properly trained persons, whether existing staff 
selected for the inspections or consultants who specialize in asbestos-related 
work, be selected to perform the inspectionse An incomplete inspection can 
leave potential problems undetected- An improper inspection or analysis can 
result in substantial expenditures for unnecessary worke An improper 
Poe omneu tion made out of inexperience or the desire to sell a product or 
services can also result in unnecessary work or incorrect work which actually 


exacerbates any potential exposure hazard. 


10. 


Containing Materials in Schools. EPA 560/12-80-004. Washington, D.C. 
U.S. Government Printing Office, September 1980. 
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CHAPTER 5 


COST OF CONTROL 


INFRODUCTLION 


In order to plan any general asbestos abatement programme, an estimate 
of the cost of performing the various abatement procedures is necessary. While 
some published figures are available on the cost of asbestos control projects, 
the quoted costs per square metre of sprayed material vary enormously. There 
are also no figures available on the cost of asbestos pipe and boiler 
insulation removale In addition, due to the experience gained in asbestos 
control and very severe competition in the industry, the cost per square metre 
of remedial work has tended to decrease over the past few years-e This chapter 
will address the question of the cost of asbestos abatement work (removal, 
enclosure, encapsulation) based on recent American data and information from 


specific projects in Ontario in 1980 and 1981. 


COST OF CONTROL IN THE UNITED STATES 


The November 1980 publication of the Ue S. EPA entitled “Economic Impact 
Analysis of Proposed Identification and Notification Rule on Friable Asbestos-— 
Containing Materials in Schools” (1) collated a large amount of data on 
asbestos controle In addition to the costs of inspection and identification 
discussed in the previous chapter, a survey of costs of removal and replace- 
ment, encapsulation, and enclosure was performede These data were based on a 
survey of contractors working in asbestos controle The relatively small number 
of respondents resulted in a wide statistical variation. Therefore, the 
average cost and range of costs will be presented here. Although the costs of 
asbestos control work varied significantly from state to state, there was no 
general geographical trend observed and all their data have been presented in 


Table l. 


Dad 


TABLE I 


COST OF ASBESTOS CONTROL IN THE UNITED STATES (1980, U.S. DOLLARS) 


Minimum Average Maximum 

Number of Cost Cost Cost 

Control Action Contractors Responding $/m2 $/m2 $/m2 
Removal 32 10.76 53.17 148.00 
Disposal 18 0.43 Sead 16.68 
Re~Insulating 30 Sw 8.39 16.14 
TOTAL OF ABOVE OPERATIONS | 14.96 65.33 180.82 
Encapsulation 37 4.30 24.00 48.42 
Enclosure 20 3.87 43.58 67.25 
Marking . 9 Gant 0.65 ee: 


It is clear that some of the wide spread of costs for all abatement 
methods must be the result of work being performed on buildings of different 
design or characteristics. It is the author's experience that contractors' 
estimates on the same project may vary by a factor of three. The magnitude of 
the remaining variation in the responses is thus largely attributed to 
variations in building design. No attempt to investigate the nature of the work 
or building characteristics was made by the EPA reporte If one considers the 
relative average cost for each of the control options, the following results 


are obtained: 


Kemoval, Disposal and Re-Insulating $73.82 / m2 
Encapsulation and Marking $24.64 / m2 
Enclosure and Marking S44. 23 pam 


re | 


Thus removal is almost three times as expensive as encapsulation and 
approximately one-and-one-half times as expensive as enclosure. The main 
advantage of removal is that the asbestos has been permanently removed from the 
building and no future possible hazard exists. This advantage cannot be 


compared with the short-term costs of removal, encapsulation, or enclosure. 


These average figures are similar to earlier cost estimates (2) tor an 
office building with a suspended ceiling where the asbestos fireproofing was 
found on the deck, beams, and ducts in the ceiling space. The estimated cost 
for encapsulatiny the fireproofing was $29.05 per square metre of floor space, 
as opposed to $45.19 for removal. Neither of these costs include an estimated 
$15.17 per square metre for removal of the ceiling tile and replacement with 
new tile. This same source identified the cost of removal of insulation in a 
school gymnasium and hallway. This material was fully exposed with no duct 
work or suspended ceilings and no replacement insulation was required. These 
factors resulted in a low estimated cost for removal and painting ($20.12 per 


square metre). 


These figures indicate the difficulty of providing an estimate of the 
cost of asbestos abatement work. In the following sections the cost of 
specific projects will be presented and the factors influencing these costs 


will be discussed. 


COSTS OF SPECIFIC PROJECTS IN ONTARIO 


The costs of the removal, encapsulation,and enclosure of sprayed 
asbestos-containing materials in specific projects in Ontario were obtained 
from building managers, owners, Or supervisorse The information was collected 
in late 1981 or early 1982 largely by personal interviews. A small amount of 
data was collected by means of a mailed questionnaire with a follow-up 
telephone call. The information collected was divided into three general 
categories and is presented in Tables Il, III, and IV. Table Il lists the 
costs of removal or enclosure in 15 public or private buildings or projects in 
Southern, Central and Eastern Ontario. Table [LL ditsts) the costs sor removal in 
14 schools in Southern and Eastern Ontario. Table IV lists the costs of 
encapsulation of sprayed material in 2 schools in Eastern Ontario. All the 


asbestos abatement projects described in Table Il were performed while the 
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TABLE II 
COST OF CONTROL IN PUBLIC AND PRIVATE SECTOR, 
COMMERCIAL, OFFICE AND INDUSTRIAL BUILDINGS 


(All work performed in isolated work area while remainder 
of building in use except otherwise noted; costs do not in- 
clude architectural fees or monitoring; all costs expressed 


in 1981 dollars; all work performed in Southern or Eastern 


Ontario.) 
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TABLE IIL 
COST OF ASBESTOS REMOVAL IN SCHOOLS 


(All work performed in vacation periods; no cost for 


alternate space; all jobs in urban Southern and Eastern 
Ontario; disposal sites within 20 miles of job site, 


cost expressed in 1981 dollars) 
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remainder of the building was in constant use except for building number one- 
All work reported in Tables III and IV was performed during school vacation 
periods. It is felt that sufficient information is provided in the tables to 
indicate to building owners the expected cost of a particular asbestos 
abatement project. The lowest cost per square metre of work site (or per 
column for the Study of Educational Facilities schools) is the actual price 
paid by the building ownere If a number of bids were received the highest bid 
and average of all bids are also reported. All costs are adjusted to 1981 
dollars. 

Many factors contribute to the final price paid for any specific 
project. The costs of asbestos removal presented in Tables II and III in 
schools, public or private buildings range from $132 /2aton$2835 18. pet square 
metre of the work site. Detailed analysis of the specific cases shows several 


causes of this wide cost range. 


The lowest price was obtained in school 7. The material removed was 
located only on 90 column headers in a 4200 square metre school. The total 
area of material to be removed is therefore very much less than the area of the 
work site. The column headers were easily re-sprayed and the ceiling tiles were 
reused. The work was performed in a very short period of the summer vacation 
when the building was unoccupied. The material was hidden behind a suspended 
ceiling but was otherwise readily accessible. The work was adequately 
inspected but performed under very general specifications by non-union labour. 
The contractor wished to establish a reputation in the field of asbestos 
removal and was therefore prepared to accept a low profit margin. These 


factors are a few of many which influence the contract price. 


The highest project price per square metre was paid for building 8 in 
Table Il. ‘The material was applied as an acoustic treatment on steel beams 
above a partial plaster ceiling. This ceiling was not to be removed or damaged 
during the work. The total work area was small (450 m2) and was in a single, 
high-ceilinged room. Due to these constraints it was decided that dry removal 
offered the only reasonable control option. The specification and job 
inspection were quite rigid and all workmen had to be equipped with more 


effective, more expensive masks than are normally used on asbestos removal. 
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It has proven impossible in this study to quantify the effect of the 
numerous variables affecting the cost of an asbestos abatement project. If one 
considers the range of prices bid on any specific job listed in Tables II, III 
or IV the ratio between highest and lowest bid ranges from 1.26 to 2.96. These 
ranges indicate the impossibility of establishing an accurate estimate for even 
a single abatement project. The bidding process itself, being dependent on 
such non-quantifiable aspects as the condition of the local building industry 
and the judgement of the contractor, introduces a variation of costs within the 


same project almost as great as the variations between projects. 


It is possible, however, to identify a number of factors which influence 
the cost of a project. Some of these can be controlled by the building owner 
whereas some are beyond his control. These factors will be the subject of the 


next section. 


FACTORS AFFECTING THE COST OF ASBESTOS ABATEMENT ~- SPRAYED MATERIAL 


The range of asbestos abatement costs presented in Tables’ IL, [lisanceiy 
is not dissimilar to the range determined in the aforementioned EPA report GIs 
A large number of factors are important in determing the price of an individual 
job. Considering the cost per square metre these include: 

(a) project specifications ; 

(b) total area of project; 

(c) Gontrol measure selected; 

(d) accessibility ; 

(e) Season of the year; 

(f) original condition of work site; 

(g) final condition of work site; 

(h) quantity and type of asbestos-containing material; 

(i) method of tendering; 

(j ) Monitoring and inspection costs; 

(k ) specialized conditions requiring dry removal; 

(1.) type of building and building conditions; 

(m ) building open or closed during work; 

(n ) time allowed for contract completion; 

(o ) cost of alternate space; 

(p ) vagaries of contractor bidding; 

(q ) wage rates; 


(x:) Other factors. 
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No factor is consistently of most or least importance... On any specific 
job any one of them may have a large influence. Each factor will be discussed 
with reference to the data presented in Tables II, III ,and IV. The emphasis 
and most of the examples will deal with asbestos removal since this is by far 


the most widely used abatement technique. 


Project Specifications 

At the present time there is no generally accepted guide specification 
for asbestos abatement contracts. Part II of Asbestos-Containing Materials in 
School Buildings (3) contained a suggested guide specification for asbestos 
removale This is currently being replaced by an updated version prepared under 
the auspices of the Association of the Wall and Ceiling Industry with input 
from many Canadian and American governmental agencies, contractors and 
consultants (4). These revised guide specifications used on specific projects 
are determined solely by the specification writer. Although the cost of the 
preparation of the specification is a small fraction of the total cost of an 
asbestos control project, the specification will have a profound effect on the 


final cost of the project. 


It is clear that inadequate or unclear specifications may result in 
improperly performed but inexpensive work. This will result in hazards to the 
asbestos workers or to other occupants of the building. This type of 
inadequate specification is becoming less frequent as asbestos work becomes 
more commonplace. There is however an extremely wide range of quite acceptable 
specifications which can markedly alter the final pricee A specification which 
calls for excessive precautions or air monitoring, or unnecessary work will 
result in the contractor submitting a high bid in order to cover every 
eventuality. It has’ been the experience of the author that an extremely rigid 
specification will result in a higher project cost while a less rigid one will 
produce a lower project cost and may indeed result in equivalent or superior 
contract performance. Many examples of the rigidity of specification writing 
which increase the cost of a project could be cited. As an example one 
specification called for air supply ducts to be cut off and capped prior to 
starting any asbestos removal. The asbestos removal contractor had to bring a 
sheet metal worker into the job site and ensure that he was familiar with the 
necessary asbestos work practices. The need for this action is not obvious 
since the air system was to be shut down and the air vents could be easily and 


effectively sealed with multiple layers of plastic and tape in the work area. 


4.2 


Specifying the method of sealing the duct would not improve the contract 


performance but would increase the cost of the project substantially. 


The asbestos control work on schools 1, 2, 3, 6, and 7, was performed on a 
similar Study of Educational Facilities (SEF) schools in 1980 and 1981. The 
work involved removing dry applied fireproofing from column headers in an air 
plenum. In all schools the ceiling tiles were removed and replaced; all work 
areas were of similar size. The cost of removal and replacement with a 
non-asbestos product in schools 1, 2,and 3 ranged from $28.75 to $30.87 per 
square metre of floor space or $1,220.00 to $1,726.00 per column. The costs in 
schools 6 and 7 were $13.77 and $14.47 per square metre of floor space or 
$640.00 and $675.00 per column. Although several factors tended to decrease 
the cost of these last two projects (see sections 4.9, 4.14, 4.16) a major 
cause of the lower price was the very general specification used in the work. 
All five of the projects were performed under the control of the same 
experienced inspector and it is believed that all projects were safely and 
adequately performed. The tighter specifications for schools 1, 2,and 3 (with 
an increased amount of air monitoring) increased the price substantially with 


no significant advantage to the school board. 


Total Area of Project 


A significant part of the cost of an asbestos control project is the 
establishment of equipment, decontamination rooms,and enclosures. These costs 
and others remain substantially unchanged if a job site doubles in size. This 
results in a significantly reduced price per unit area on a larger job site. 
This can be seen in a general sense by comparing the costs of buildings 1 and 5 
with buildings 3 and 4 from Table Il. The larger jobs show a significantly 
lower cost per square metre than the smaller jobs. The cost per Square metre 
for school 9 from Table III is still relatively low in spite of extremely 
difficult work conditions because of the large area treated. An even more 
clear illustration of the size effect can be seen by comparing buildings 9, 10, 
and 1l in Table Il. These three projects are different phases of asbestos 
removal in the same retail store. The work was performed in each case under 
identical precautions and using the same men and work methods. The cost per 
Square metre of work site decreases from approximately $100.00 per square metre 
for sites of less than 100 square metres to $25.00 per square metre for a site 
of over 5,000 square metres. The fact that jobs 9 and 10 were performed on a 


time and materials basis may have inflated the cost of the project somewhat but 


4.3 


4.4 


the project was well controlled and this effect was considered minor (see 


Section 4.9). 


Control Measure Selected 

The data in Tables II, III, and IV contain little directly comparable 
data on the relative costs of asbestos encapsulation, removal, and enclosure. 
Only buildings 12 and 13 in Table II and schools 1 and 2 in Table IV are cited 
as examples of enclosure and encapsulation. In all four cases the asbestos 
containing material was fully exposed. This allowed easy access to the 
material and itself would have resulted in a relatively low cost had removal 
been selected (see Section 4.4). The timing of work and the method of 
tendering also reduced costs in the case of schools 1 and 2 in Table IV (see 
Sections 4.5, 4.9, 4.16). In spite of this, encapsulation is clearly the least 
expensive asbestos abatement option. The lowest costs ranged from SG~</).-tO 
$9.15 per square metre and even the highest tender was only $25.93 per square 
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The costs of the two enclosure jobs (buildings 12 and 13, Table II) are 
significantly more than costs of encapsulation. It must be remembered that the 
total areas of enclosure were small in these buildings (325 and 80U square 
metres). This results in an increased cost per square metre (see Section 4.2). 
The cost of enclosure therefore seems to be intermediate to encapsulation and 
removal. If the EPA average figures are used the ratio of cost per square 
metre of encapsulation, enclosure,and removal are 1.0: 1.8: 3.0. As stated 
before the shorter-term cost advantage of encapsulation or enclosure must be 
weighed against the longer-term advantages of removal. These will not be 


considered here. 


Accessibility 


The ease with which the workers can reach the asbestos~containing 
material will have a great influence on the project cost. The less accessible 
the material to be removed, encapsulated,or enclosed, the more expensive the 
projects The accessibility includes such factors as ceiling height and 
obstructions to the workers. A suspended ceiling or the grid of a suspended 


ceiling will reduce the accessibility. This factor will also be considered 


elsewhere (see Section 4.6). 
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The influence of accessibility can be clearly seen in buildings 3, 5, 6, 
and 8 in Table Il. Building 3 and 5 contained relatively accessible exposed 
fireproofing on the structural beams and deck respectively. The costs of 
$73.06 and $41.27 per square metre are significantly lower than building 6 
which contained sprayed asbestos on the high ceiling of an industrial 
laboratory building. The construction of a suitable scaffold resulted in a 
greatly increased cost ($110.84 per square metre). building 8 in Table II 
shows the highest cost per square metre of all projects in Table Il. This is 
partly the result of the dry removal method selected (see Section 4.11) but is 
also due to the need to work above a plaster acoustic ceiling which remained in 


place during the removal. 


Season of the Year 

The seasonal timing of work can also have a significant effect on the 
cost of an asbestos control project. The summer period tends to be the active 
work period for asbestos abatement work largely due to work in schools. 
Therefore contractors tend to submit higher bids as they must use less 
experienced and hence less efficient workers and they are not willing to accept 
a low profit margin. At other times of the year when work is less plentiful 
many contractors will perform work with little profit margin merely to keep 
their full time workers employed. This factor cannot be clearly isolated from 
the data presented in Tables II or III as most of the work reported was summer 


work and other factors obscure the influence of the time of year. 


Original Condition of Work Site 

The preparation of a work site prior to actually removing, encapsulating 
or enclosing the asbestos-containing material is a significant part of the cost 
of any abatement contract. The original condition of the work site or material 
to be treated is determined by any of several factors. These include the 
nature of the floors or floor coverings, the presence of equipment and 
furniture (which may require moving or are fixed in position), the presence or 
absence of a suspended ceiling or the presence of a coating on the 
asbestos-containing material. The removal or protection of expensive building 


furnishings or equipment can be a major cost in an asbestos abatement project. 


The low unit costs of the asbestos removal work in building 1 of Table 
Il was due in part to the fact that the fireproofing was completely exposed and 


most of the building fixtures had been removed at the time the asbestos removal 
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contractor began work. The relatively high cost of the asbestos removal work 
in building 7, Table II can be explained in large part by the presence of a 
coating of paint which had been previously applied to the sprayed asbestos. 
This made wetting of the material very difficult which resulted in high 
airborne fibre levels, a slow rate of removal, and numberous job shut-downs. 
The need to protect the pre-existing plaster ceiling from damage in building 8 


Table II also resulted in an increased unit cost. 


Final Condition of Work Site 

The amount of work required to replace fireproofing, acoustic materials, 
suspended ceilings or equipment in the work site will reflect directly in 
contract cost. Consideration must be given to the original purpose served by 
the asbestos-containing material and care must be taken to specify that the 
space is returned to that condition. The removal of fireproofing for example 
will affect the fire rating and usually requires re-fireproofing. Most project 
specifications call for the re-installation of the fireproofing by the same 
contractor who performs the removal or a sub-contractor to this contractor. 
This is usually the most cost effective method and is the route used in all 
buildings in Tables II and III which required re-fireproofing. In some 
instances the use of the building or building codes have changed so that 
replacement of the asbestos~containing material with asbestos-free material is 
not needed. This was the case with fireproofing removed in school 11,Table III 
and buildings 9, 10, and 11 in Table II. The insulating and acoustic materials 
removed from buildings 4 and 8, Table II were also not replaced; the beams were 


simply painted. 


The installation of a suspended ceiling or replacement of tiles in an 
existing grid will also add costs. This is usually included in project 
specifications but is sometimes let as a separate contract. The cost of the 
two routes should be similar. This is also the case with re-installation of 


fixtures or furniture moved from the job site. 


Quantity and Type of Asbestos~-Containin Material 

The costs per square metre presented in Tables II and III are based on 
the net floor area of the asbestos removal work site. In some of these sites 
the material may be applied only on the column headers, on the structural 


steel, on the deck, or may occur on any combination of these. This will result 


in substantially different areas of surface being treated than reported in the 
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tables. For example the Study of Educational Facilities schools (schools 1 - 7 
in Table III) all occur at the lower end of the unit cost range largely because 
only the column headers were coated with asbestos-containing material. If the 
unit cost had been calculated using the area of asbestos-containing 
fireproofing removed, the unit costs would have been increased substantially. A 
major difference in the unit cost between schools 10 and 11 in Table III was 
due to the fact that school 10 had fireproofing on beams only and school 11 had 


fireproofing on both the deck and the beams. 


The type or use of the asbestos containing material will also affect the 
contract pricee Acoustic sprays are either fully exposed or partially exposed 
behind a mesh or a partial suspended ceiling in order to fulfill their function 
as acoustic materials. This will result in a lower cost of an asbestos abatement 
contract compared to fireproofing materials which are usually enclosed behind a 
suspended ceiling. In addition to this difference acoustic sprays are usually 
less and often very much less than +" thick. Therefore if the material is 
removed the total volume of material to be removed, handled and disposed of 
will be less than if a greater thickness were being removed. Typically 


fireproofing sprays are greater than +" thick and may be up to 3” thick. 


4.9 Method of Tendering 


Asbestos control work has often been undertaken due to public pressure 
and within a limited time frame. It has often not been possible to select 
contractors using the normal process of public tenderinge In some other cases 
the building owner or specification writer has decided for reasons of 
confidentiality or other specific reasons that the process of public tendering 
would not be used to select the contractore In some of these cases contracts 
have been performed on a time and materials or cost plus basise In other 
instances several contractors have been invited to bid on a package of work 
which is then divided between the lowest bidders. This allows the work to be 
started and completed more quickly as more than one contractor is selected to 
perform the work. both of these methods of tendering the work will also affect 


the cost of the project. 


The cost of a project performed on a cost plus or time and materials 
basis is very much dependent on the integrity of the contractor and the degree 
of supervision exercised by the building owner. It is most commonly used where 


the asbestos control work must be scheduled to accommodate normal building 
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operations or other renovations. This type of intermittent work scheduling 
increases the time required for asbestos removal and makes the preparation of 
fixed price bids almost impossible. The projects in buildings 1, 7, 9,and 10 
in Table II and school 4 in Table III were all performed on a time and material 
basise The unit cost in the cases of building l, 7, 9, and 10 are quite 
variable but considering the type of project, area of project (particularly in 
9 and 10) and nature of the material to be removed (building 7) these costs 
appear within the range expected with public tendering. School 4 in Table II1 
was a larger project than schools 5, 6,and 7 but was performed under the same 
project specifications. Expressed on a cost per unit area or cost per column 
basis it is clear that this project cost far exceeded the price which would 
have been expected from public tenders. This illustrates the care which must 


be exercised by the building owner in awarding a project on this basis. 


The method of selecting contractors for several projects on the basis of 
a single bid prepared for a typical project or package of projects has also 
been used to speed the performance of asbestos abatement contracts. Often the 
building owner selects the low bidders on a selected project and then 
negotiates with them for other specific projectse This type of process was 
used for schools 5, 6,and 7 in Table III and schools 1 and 2 in Table IV. The 
work on schools 5, 6, and 7 in Table III was performed in a short period at the 
end of the summer vacation in 1980. The contractors were eager to gain 
experience in the asbestos removal field and a very low price was obtained by 
this school board. The encapsulation work in schools 1 and 2 in Table IV was 
also bid in a similar fashion. The price paid by the board of $8.75 and $9.15 
per square metre is extremely low for correctly performed encapsulation work 
where full asbestos precautions must be followed. A representative of the 
board in question indicated that the contractors would not likely accept this 
price on future projects given the knowledge gained in this work. The method 
of tendering did produce a very low unit cost for the board in this instance 
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Monitoring and Inspection Costs 
The cost of monitoring or inspecting an asbestos control project can be 


a major expensee This monitoring and inspection may be performed by an 
existing employee of the building owner or by a hired consultant. It is 
essential that asbestos abatement work be properly inspected to ensure tnat it 


is performed safely and completely. Ministry of Labour inspections may be 


4.11 


5.18 
adequate to ensure the safety of the removal workers but will not ensure 


satisfactory contract performance. 


The direct cost of the inspection and monitoring can vary significantly 
between inspection firmse Most of the inspections are charged on the basis of 
time expended, samples analyzed, distance travelled etc. While the unit cost of 
these servicesdoesnot usually vary significantly between firms, the number of site 
visits, time spent, and samples analyzed can differ enormously- The frequency of 
inspection is usually laid out by the specifications or is left to the judgement 
of the inspectore In some cases specifications detailing the frequency of site 
inspections or air monitoring are drawn up by the firm providing those services. 
Both of these situations can lead to a very serious conflict of interest. 
Inspection costs known to the author have ranged from 44 to almost 304 of the 
contract cost. Although the percentage tends to be larger on smaller contracts, 

a figure in excess of 15% likely indicates a job which has been over~inspected or 
over-monitored unless some very unusual situation exists on the project. It is 
also important for the building owner to get more than one quotation for job 
monitoring and inspection. The total cost of inspection and monitoring tends to 
be much higher when competitive bids are not required.- This higher total cost may 
be due to higher unit costs for services or for possibly unnecessary services such 
as continuous inspection or continuous air samplinge There is an indirect cost of 
the monitoring as well. If a contractor knows from previous experience that a 
particular monitoring firm will cause work to be slowed while every step is 
monitored and air samples are analyzed then this will reflect in the contract 
price. Although, from a safety standpoint a job cannot be over-inspected or 


over-monitored, from a cost basis this can certainly be the case. 


Special Conditions Requiring Dry Removal 
In some projects the usual techniques of wet removal can not be used. This 


is usually the result of electrical wiring whichcan not be disconnected, delicate 
equipment which cannot be adequately protected from water, or other building 
fixtures which would be damaged by watere In the one case of dry removal in 
building 8, Table II, the plaster ceiling could not be removed or damaged and dry 
removal was specified.- The unit cost of $233.78 per square metre was clearly the 
highest of all projects shown. Although this is higher than usual for a dry 
removal project (see Section 4.4, 4.12), the cost of dry removal is in general 
much higher than wet removal. The power methods described in Chapter 1,Section 


6.2, may reduce or eliminate this difference but at present dry removal is only 


specified when a higher project cost can be justified for other reasons. 
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Type of Building and Building Conditions 
This is a very general factor which overlaps with many other 
considerations such as the area of the project, accessibility, original and 
final condition of the work site, and the area and type of asbestos-containing 
materiale An experienced contractor or estimator will be aware of such factors 
as: 
(a) Is the suspended ceiling easy or difficult to remove? 
(b) Is the air handling system easily turned off and sealed from the work 
area? 
(c) Does the presence of an adhesive coating make removal difficult? 
(d) Are the rooms in the work area small (requiring additional erection of 
plastic on the walls or cleaning of the walls)? 
(e) Are corridors suitable for easy movement of material or are there many 
stairs? 
(f) Are there many services installed on the deck or beams which will 
obstruct the workers and require cleaning? 
(g) If the asbestos-containing material is applied on the beams only is 
there significant overspray which will also need treatment? 
(h) Does the work site have suitable power and water supply and are there 
shower or washrooms in the work area or nearby? 
(i) Is there an elevator which can be used to transfer equipment and waste? 
(j) Will the walls and floors be easily damaged if water yets on them 


through tears in the plastic? Will they be easy to clean? 


Each one of these factors may become important on any specific project. 
As a general rule the treatment of asbestos-containing material in newer 
buildings which use a more simple design and construction technique is less 


expensive than in older buildings. 


Building Open or Closed During Work 
The asbestos control work in the school system is usually performed 


during the summer vacation period when the schools are not in usee Most of the 
projects occurring in buildings other than schools are performed while the 
buildings are still in use-e In order to ensure that airborne asbestos is 
limited to the work site and does not contaminate other open areas of the 


building, additional precautions are often used in these casese The use of 


asbestos~approved filter cabinets to draw air from the work site and produce a 


slight negative pressure is more commonly used when other areas of the building 
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remain open- This may tend to increase the cost. 


If the building remains open during the contract it is often necessary 
to complete smaller work areas separately so that the functions of the building 
are not totally disrupted. This will effectively reduce the size of the work 
area, require more time in area preparation and clean-up,and increase the cost 


of the contract. 


Time Allowed for Contract Completion 


The time allowed for completion of a contract is an impossible factor to 
quantify but has a clear effect on contract price. The duration of the work 
can have several conflicting effects. If work must be done on a "3 shift a 
day" operation the cost may be increased by the need to pay overtime rates or 
shift premiums. Alternatively, if work can progress only very slowly due to the 
need to work in co-ordination with other contractors or normal building 
operations then the cost can be even more sharply increased-e The most 
economical work rate usually allows the contractor to work a single shift a day 
using the same number of workers each day with no job delays while new work 


areas are prepared. 


The Cost of Moving and Alternate Space 


The normal occupants of the work site must be relocated during the 
asbestos control contract and then replaced at the completion of the work. 
This is of course not a consideration in the school system where work has been 
performed during vacation periods. As shown in Table II the duration of work 
may be as little as 10 days if the work site is small or as long as 5 months if 
the work site is large or if problems are encountered.e Only in exceptional 
instances is a building completely vacated during work.e Only in building 1 of 
Table II were employees moved outside their building into available space 
elsewheree Owners of buildings 1 and 7 in Table II estimated the cost of 
alternate space to be $30,000 and $45,000 respectively. These costs are only 
9% and 9% of the contract prices The true cost of the disruption of employees 
and building operation is much greater due to the lost employee time during the 
moving periods. These costs are not included in the cost per square metre 


quoted in Table II as the costs are absorbed in general company overheads. 
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Since employees are often temporarily located pleeuhere in the building, 
the moving of office equipment is often performed by the building maintenance 
personnel and it is difficult to estimate the moving cost if an outside moving 
firm is employed. The cost of packing, moving, and unpacking the contents of a 
4-metre by 5-metre office within thesame building and later returning it to the 
finished work area was estimated to be in the region of $300 to $400 (8). If 
the office must be relocated to a nearby building and later returned to the 
original location, the cost was estimated to be approximately $600 (8). The 
cost of this move would therefore be in the range of $15.UV0 to $30.00 per 
Square metree This can be a significant portion of the total cost of the 


asbestos control procedure. 


Vagaries of Contract Bidding 


The preparation of a cost estimate by a contractor relies heavily on the 
skill and judgement of the estimator. The ratio between the maximum and 
minimum cost quoted on any individual job in Tables II, II1Il,and IV range from 
1.26 to 2.96. The difference between the lowest bidder, who is awarded the 
contract, and the next lowest bidder is, on occasion, as much as 504- A low 
bid is sometimes made for a specific reason (for example to shut out other 
contractors or to keep workers employed) but may be due to an error in 
judgement. This is the likely case in schools 1 and 2 of Table IV. The 
contractor on school 8, Table III is also known to have lost money on that 
contracts Most contractors will attempt to speed up work and reduce expenses 
if it becomes clear during the course of a contract that costs will exceed the 
contract price. It is at this time that the greatest surveillance is required 
by the inspectore Several asbestos control contractors now operating in 
Ontario often submit bids 404 or 504 below other bidders. The prices are such 
that it is questionable whether correct work practices can be followed. In 
these cases the work will cost the building owner only that agreed price but it 
is essential to have a skilled inspector to ensure correct performance of the 
contract. This is often not the case and the contractors can often get away 
with inferior work. As a general rule contractors are pre-qualified in some 
fashion before bids are accepted on asbestos control project. The 
pre-qualitication requirement usually requires proof of previous contracts 


completed, training course attended, equipment available,and familiarity with 


regulations. If these pre-qualification criteria are satistied, if 
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sufficiently concise specifications are used,and if an experienced inspector is 
employed then correct completion of the contract should be ensured and it is in 
the building owners advantage to obtain the lowest price. It is usually an 
advantage to obtain the maximum number of bids on any project it? pip Lie 


tendering is used. 


4.1/7 Wage Rates 
A large portion of the contractor's expense in an asbestos control 


project is the labour cost. Although only a small number of contractors employ 
union labour much of the work is performed for fair wage rate employers. In 
Some cases, particularly for short duration summer work, non-union labour or 
students have been used- While this may provide a substantial cost saving it 
is open to severe abuse.e At the very least asbestos control workers should be 
provided with an absolute minimum of several hours training. According to the 
proposed Ontario regulations for asbestos all asbestos workers require a 
pre-placement and periodic medical examination (5). Both the employee 
training and medical examination are often neglected by employers whose 
full-time workers are in short supply- This is the responsibility of the 
employer however, and beyond the need to have closer inspection and control, 


this should not affect the building owner. 


4.18 Other Factors 
A number of other factors have been suggested to affect the cost of 
asbestos control projects. If the waste disposal site is distant from the 
project, cost may increasee In Ontario, a sufficient number of sites exist so 
this is not a significant factor. If a bulk waste handling system is employed 


only a few sites will accept the waste and the distance becomes significant. 


There is a trend for the range of bids on asbestos control projects to 
decrease as contractors become more experienced.» The price has tended to 
decrease from the early projects to the present time. The only exception to 
this has occurred where contractors made low bids in order to get into asbestos 
removal work or where the contractor made a low bid out of inexperience or 
ignorance of the work methods necessarye The cost of work performed in 1982 


probably increased much less over work performed in 1981 than the Construction 


Price Index would indicate. 
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vw¥st OF CUNTROL PROJECTS CN NON~SPRAYED ASBESTOS 

Although the vast majority of asbestos control work has involved sprayed 
insulation, fireprooting or acoustic materials some work has been performed on 
other friable asbestos-containing material. The costs of the encapsulation of 
asbestos-containing fire flaps and dampers and the removal of asbestos- 


containin:; thermal block insulation will be discussed briefly here. 


bel Encapsulation of Fire Flaps and Dampers 


As discussed in Chapter 2, there is some controversy over the need to 
perform any control measure on asbestos containing fire flaps and dampers. In 
spite of this several boards have encapsulated the asbestos-containing material 
or removed the material completely. As an example Dufferin Peel Roman Catholic 
Separate School Board spent $109,000 to encapsulate ( or remove badly damaged ) 
asbestos-containing material on /40 fire dampers (6)- This cost of approximately 
$147.00 per damper is very reasonable compared to other bidders on the same 
project and other projects known to the authore The units were removed 
completely from the school for encapsulation where possible and then 
re-installed after the sealer had dried- The low cost per unit is partially 


due to the large number of units treated which reduced the cost per item. 


Died Removal of Pipe and Boiler Insulation 


Very few large projects involving the removal of pipe and boiler 
insulation have been performed in Ontario using the correct work procedures 
described in Chapter 1- Some small asbestos pipe insulation removal projects 
have been completed (such as the Windsor Utilities Commission) but the majority 
of work has involved repair or recovering of the insulation. At the present 
time information is available to this study on only one large asbestos thermal 


pipe and boiler insulation removal project. 


This project involved removing up to 4" of asbestos-containing block 
from approximately 1,350 square metres of piping and hoppers.- The material had 
been applied in several layers and was well coated with canvas and paint. The 
material was only removed due to demolition of the structure. The work was 
well monitored and performed using wet removal methods. (See Chapter 6, Section 
4.) The cost of removal and disposal was approximately $150.00 per square 


metree A price had earlier been obtained from a wrecking contractor who 
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estimated the cost at less than one-third of this price if asbestos removal 
precautions were unnecessarye The cost of removal was also close to double the 


cost of installing new insulation according to the contractor. 


These limited figures make it clear that the removal of asbestos 
containing pipe and block insulation can also be a large expense to the 
building ownere Many of the factors influencing the treatment of sprayed 


asbestos will also affect the price of pipe and boiler insulation removal. 


CONCLUSIONS 


The information presented in this chapter indicates the high but 
variable costs of asbestos abatement worke The average cost of removal and 
replacement; encapsulation and marking; and enclosure and marking have been 
estimated by the EPA to be $73.82, $24.64, and $44.23 per square metre 
respectively (1980 prices quoted in U.S. dollars). The average cost of 
asbestos removal (and replacement where necessary) in Ontario was found to be 
$70.54 per square metre with a standard deviation of $50.58 per square metre 
(1981 dollars). This large standard deviation indicates the extremely variable 
costs of asbestos removale Insufficient data were available to calculate an 
average cost of encapsulation or enclosure based on Ontario prices-e The EPA 
found the ratio of encapsulation: enclosure: removal to be 1-0: 1-8: 3.0. A 
similar ratio would be expected in Canada. The cost of encapsulation of 
fire-dampers in the one project discussed was $147.00 per unit. The cost of 


the removal of pipe and boiler insulation was $150.00 per square metre. 


A number of factors have been identified in this chapter which influence the 
cost per unit area of asbestos control work. Due to the number of these 
factors and the non-quantifiable nature of many of these factors no matrix of 
costs could be established for various control measures in specific buildings. 
Some of the factors reflect the characteristics of the building and cannot be 
controlled by the building owner. Other factors which can be controlled or 


affected by the owner also can have a large influence on the project costs. 
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CHAPTER 6 


HAZARD IDENTIFICATION AND AIRBORNE ASBESTOS FIBRE LEVELS 


INTRODUCTION 


A number of air monitoring studies have been performed to determine 
the fibre levels in the air of buildings containing friable asbestos- 
containing materials. These have been described in Chapter 1 and will not 
be discussed here in detail. As was pointed out in that and subsequent 
chapters optical microscopy (using the phase contrast microscope usually 
with NIOSH method P & CAM 239) is not an appropriate technique for use in 
non-occupational settings. This is primarily due to the limit of resolution 
of the optical microscope and because the procedure does not identify the 
fibres observed. The transmission electron microscope (TEM) has a greater 
magnification factor and incorporates fibre identification to overcome 
these two deficiencies of the optical methods. The results of TEM analyses 
reported in Chapter 1, while indicating that buildings containing sprayed 
asbestos often have higher than background airborne asbestos fibre levels, 
could not be used to determine potentially hazardous buildings. The 
measured airborne asbestos fibre levels were indicative only of the levels 
at the precise time of sampling and hence were quite variable even within 


one building. 


A number of organizations, recognizing the limitations of the PCM or 
TEM air sampling results, have attempted to use the results of a visual 
inspection and bulk analysis in an algorithm to produce a numerical rating 
of any asbestos-containing installation. The algorithms generally provide 
a single number which in some way should assess the relative hazard of the 
particular installation. The factors considered important in these hazard 
assessment indices have been described in Chapter 1, Section 4.1. Three of 
the hazard assessment indices or algorithms have been included in the 
Appendices to this report. The most widely known was published in draft 
form by the Environmental Protection Agency in 1979 (1). It is included 
here as Appendix A. The Ferris Index (named after Dr. B. Ferris, who 
developed the scale) was used to rate the potential contamination in 
Massachusetts public schools (2). The Toronto Board of Education has used 


a modified Ferris Index on all schools in its jurisdiction using a single 
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inspector to maintain uniformity (3). The scale is included here as 


Appendix B. The U.S. Navy Risk Evaluation Index (4) is included here as 


Appendix C. This index incorporates physical observations of the material 
and installation (friability, accessibility, condition and activity in the 
area) with the percentage of asbestos to produce a single level of exposure 
factor. These factors have an extremely large spread from U.0002 to 
470,000. In all three indices a larger number indicates a greater 


potential risk. 


The EPA is currently performing a study to correlate measured TEM 
airborne asbestos fibre levels with their Exposure Index (5). The full 
results of this work have not yet been published. The preliminary results 
indicate that airborne concentrations of asbestos are higher in sites with 
friable asbestos-containing materials than in areas with no asbestos and 
higher than in ambient air. Information obtained from the EPA after the 
completion of the study described in this chapter (May 1982 )| indicate 
that there is no correlation between the TEM measured levels and the EPA 
draft exposure index. As a result of this, the EPA is considering 
withdrawing the draft Exposure Index and substituting a factor which 
describes only the ease with which fine fibres can be released from the 
surface. The recent EPA results do confirm that asbestos fibre 
concentrations in buildings insulated with sprayed asbestos-containing 
material are significantly above ambient levels. In general the levels 
detected in the recent EPA study are above the levels reported in Table IV 
Chapter l. In this chapter the three hazard assessment indices described 
above will be applied to nineteen buildings containing sprayed friable 
materials. The results of the algorithms will then be compared with 


extensive TEM air sampling in these buildings. 


TEST METHODS AND RESULTS 


The inspections of the nineteen buildings were performed by either 
one or two experienced inspectors. Since the evaluation of the various 
factors is subjective and depends on the judgement of the inspector a 
number of buildings representing typical installation were visited by two 
inspectors. This ensured that there was some consistency in rating the 


variables among the buildings. The results of the three hazard indices or 


algorithms on the nineteen buildings inspected are presented in Table Il. 
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TABLE I 


RESULTS OF THREE HAZARD INDICES IN EVALUATING NINETEEN BUILDINGS 


Building EPA Exposure City of Toronto U.S. Navy 
No. Assessment Algorithm Board of Education Level of Exposure 
1 18 1025 1.0 
Z 16 975 0.37 
3} T2 675 0.0002 
4 81 1750 30,000.0 
5 16 950 1.0 
6 54 1600 33.0 
7 20 900 0.37 
8 20 900 0.37 
9 36 1050 5-8 
10 T2 750 0.37 
11 24 825 Zou: 
12 71 lo75 92.0 
13 24 850 Zoi 
14 54 1675 92.0 
its. 24 1075 1.0 
16 6 550 0.0002 
17 24 1000 1.0 
18 54 1475 33.0 


1425 92.0 
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The results of the inspection which produced the ratings presented 
in Table 1 are not reported in detail to respect the wishes of some of the 
building owners and since they are individually of little use in providing 
additional information. In order to provide a better understanding of the 
type of building which will produce a particular’ rating however, three 
buildings representative of a wide variety of buildings will be described 


and rated according to the three hazard indices. 


Building Type A would be an office building with a wet applied or 
cementitious fireproofing applied on the steel deck and beams above a 
suspended ceiling. The material, which contains 5% to 10% chrysotile is in 
good condition with no water damage or signs of deterioration or de-bondiny. 
The ceiling space serves as an air plenum but is only rarely entered to 
perform any maintenance activity. The sprayed material has only a low 
friability and there is little evidence of dust above the suspended ceiling. 
If these factors are substituted into the algorithms presented in Appendices 


A, B,and C, the following results are obtained: 


EPA Exposure Number ») 
Toronto Board of Education Rating 220 
U.S. Navy, Level of Exposure Factor 0.0002 


At this level the EPA scale would indicate that deferred action (or 
management and continuing surveillance as described in this study) is 
appropriate. Neither the Toronto Board of Educationnor the U.S. Navy 
Exposure Index providesany guidance for action or inaction at various 
levels, being used only to rank projects in order of concern. The U.S. 
Navy Level of Exposure Factor rather than the Hazard Index Number is used 
here since neither the number of assigned occupants or the occupancy 
duration would be expected to have a bearing on the measured airborne fibre 
levels. The level of exposure factor has therefore been used to be directly 
comparable to the other algorithms. In determining the priority of remedial 
work it may be useful to consider the number of occupants removed from a 
potential hazard for a certain expenditure. Thus, areas with high occupant 
density would tend to be subject to abatement work before low occupant 
density areas. This factor could be considered in any of the hazard 


assessment indices. 


Building Type B would be an office building with some areas 
containing computing, telecommunications,or similar equipment. The sprayed 
fireproofing is installed on the deck and beams above a suspended ceiling. 
The dry applied (or fibrous) fireproofing has been shown to contain 25% to 
35% chrysotile with the balance largely mineral wool and non-fibrous binder 
(cement). The material is in quite good condition except for minor water 
damage and areas where it has been damaged due to the installation of wiring 
or electrical conduit above the suspended ceiling. The material is accessed 
only rarely, mainly during the maintenance work or rewiring described 
above, but some tiles are regularly moved aside to provide increased air 
movement from equipment rooms into the ceiling space air plenum. These 


factors would produce the following ratings: 


EPA Exposure Number 28 
Toronto Board of Education Rating 925 
U.Se Navy Level of Exposure Factor 120 


The EPA Exposure Number would indicate that the material should be 
encapsulated, enclosed,or removed. Which of these options is chosen would 
be determined by factors such as the cost of each method, the potential for 
future damage,and the feasibility of each method in the particular building. 


These considerations are described in detail in Appendix A. 


Building Type C would be an industrial facility, warehouse building 
or garage. The sprayed asbestos-containing material is located on all of 
the ceiling or roof surfaces largely for insulation or condensation control. 
It contains more than 90% amosite asbestos with the remainder being 
non-fibrous binder. This material,which is very friable,was applied under 
the trade name LIMPET TM. There is some water damage due to water leaks but 
the material is not easily reached due to the height of the ceiling. The 
material is fully exposed to the occupants of the building in this high 


activity area. The rating factors for this structure would be: 


EPA Exposure Number 90 
Toronto Board of Education Rating tLe 
U.S. Navy Level of Exposure Factor 170,000 


The EPA Exposure Number would indicate that the sprayed material 


should be removed. 


36 
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All air monitoring was performed using the transmission electron 

microscope (TEM) method. The TEM samples were collected by drawing known 
volumes of air through 37 mm. diameter cassettes holding 0.4 or 0.2 mm pore 
size Nuclepore filters backed up by V0.8 mm pore size cellulose mixed ester 
filters and cellulose back-up pads. The direct carbon coating extraction 
replication technique was used to prepare the Nuclepore polycarbonate 
membrane filter samples for analysis. In this technique the active surface 
of the filter is coated with a thick film of vacuum evaporated carbon. 
Chloroform is used as the solvent in a Jaffe Washer to dissolve the 
Nuclepore filter, leaving the deposit from the original air sample trapped 
in the carbon film supported on copper specimen grids. The prepared grids 
were examined in a transmission electron microscope (TEM) at a magnifica- 
tion of approximately 20,000. The TEM technique incorporates fibre 
identification so that only asbestos fibres are reported. In addition to 
examining the morphology of each fibre, in the TEM the crystal structure of 
a fibre is examined by means of selected area electron diffraction (SAED) 
and the elemental composition of a fibre is obtained by energy dispersive 
X-ray analysis (EDXA). During examination of these filter samples, 
asbestos fibres were classified as either chrysotile or amphibole. 
Chrysotile fibres were identified by their characteristic tubular 
morphology with confirmation by SAED and EDXA whenever possible. The 
identification of amphibole was by SAED combined with EDXA. 


The results of the analysis for asbestos fibres of all lengths and 
fibres longer than 5.0 pm are reported in Table II. It must be realized 
that no measurement technique can demonstrate a zero result. They can only 
show that concentrations are less than the detection level of the analysis. 
This detection limit is dependent on the volume of air sampled but is 
usually in the range 0.001 f.mL-1 0.004 f.mL-l in the present work. 
However, for ease of presentation if no fibre was detected in the analysis 
a figure of 0.0 is shown in the Table. The number of samples analyZed per 
building ranged from a single sample to seven individually collected 


samples. 


CORRELATION OF AIR MONITORING RESULTS AND HAZARD INDICES 


The original intention of this chapter of the study was to determine 
whether a correlation existed between these exposure indices and the 
measured airborne asbestos fibre levels measured by the TEM. Consideration 


of the data in Tables I and I] indicate immediately that no correlation 
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TABLE II 


RESULTS OF ALR MONITORING 
TRANSMISSION ELECTRON MICROSCOPY IN NINETEEN BUILDINGS 


Building Number of Asbestos Fibres Asbestos Fibres 
Noe Samples of All Lengths 75.0 pm 
aay ; f.mL-1 ng em-3 f.mL-1  hgem=3 

1 4 0.0007 0.589 0.001 0.275 

2 = 0.006 25959 0.0 (a) 0.0 (a) 

3 1 0.004 0.026 0.0 0.0 

4 3 0.003 0.067 0.0 0.0 

5) 5 0.0 0.0 0.0 0.0 
fe) 3 0.015 1.743 0.001 0.067 
u 5 0.01 0.017 0.0 0.0 

8 3 0.004 0.313 0.0 0.0 

9 2 0.202 0.004 0.0 0.0 
10 4 0.010 0.045 0.0 0.0 
ll 7 0.009 11.002 0.001 10.571 
12 3 0.023 3.339 0.003 1.247 
iS 2 0.010 0.027 0.0 0.0 
14 4 0.016 2.683 0.002 1.450 
15 il 0.059 8.000 0.0 0.0 
16 2 0.003 0.012 0.0 0.0 
17 4 0.027 0.703 0.0 | 0.0 
18 1 0.010 0.130 0.0 0.0 
19 4 0.001 0.016 0.0 0.0 


(a) The figure 0.0 indicates that no fibres were detected; the 


concentration is therefore below the detection limit for that sample. 
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would exist between these factors and the asbestos fibre concentrations for 
fibres longer than 5.0 pm. Air monitoring performed on the 19 buildings (a 
total of 64 samples) detected airborne asbestos fibres in only 5 buildings 
(a total of 17 fibres longer than 5.0 pm) or 1l air samples. The fibre 
levels reported here are far below current environmental guidelines. 

Most occupational standards are based on fibres longer than 5.0 pm (7) and 
the Ontario Ministry of the Environment guideline is also based on fibres 
longer than 5.0 pm. However, it was clearly not possible to obtain any 
correlation with these data since the five buildings with sonsone fibre 
concentrations are not invariably the buildings with the We ehese hazard 
indices, and the buildings with zero fibre concentration have hazard indices 


well above zero. 


‘When one considers asbestos fibres of all lengths, the large number 
of zero readings is eliminated and it is no longer possible by inspection to 
determine whether a correlation exists between the results in Tables I and 
Il. The results for asbestos fibres of all lengths are plotted versus the 
hazard rating in Figures I through VI. Figures I and II plot the 
concentration in fibres per millilitre (f.mL-l) and in nanograms per cubic 
metre (ngem-3) versus the EPA Exposure Number. Figures III and IV plot the 
same variables against the Toronto Board of Education Rating. Figures V and 
VI plot the same variables ayainst the U.S. Navy Level of Exposure Index. 
The rating factor for each of the three building types described earlier is 


shown by the letters A, B and C on the abscissa. 


The results appear to be quite random and no obvious correlation 
exists between the airborne asbestos fibre concentration (expressed in 
ngem-3 or f.mL-l) and any of the three hazard indices. The calculated 


correlation coefficients were shown to be as’ follows: 


f.mL-l1 vs EPA Exposure Number 0.076 
ng -m-3 vs EPA Exposure Number 0.003 
f.mL-1 vs Toronto Board Rating —U.L02 
f.ngem-3 vs Toronto Board Rating . 0.023 
f mL-1 Var less Navy Factor : 0.012 
ng em-3 vs U.S. Navy Factor —0.129 


These results confirm the visually apparent lack of correlation between the 


rating factors and the asbestos fibre concentrations. 
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FIGURE I 


Concentration (f.mL-1) Asbestos Fibres of All Lengths versus the Calculated 
EPA Exposure Number (Letters A, by, and C on abscissa indicate exposure number 


of building types A, B and C described in text) 
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FIGURE II 


Concentration (ng-m-3) Asbestos Fibres of All Lengths versus the Calculated 
EPA Exposure Number (Letters A, B,and C on abscissa indicate exposure number 


of building types A, B and C described in text) 
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FIGURE III 


Concentration (f-mL-1) Asbestos Fibres of All Lengths versus the Calculated 


Toronto Board of Education Rating (Letters A, B and C on abscissa indicate 


ratings of building types A, B,and C described in text) 
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FIGURE IV 


Concentration (ng-m-3) Asbestos Fibres of All Lengths versus the Calculated 
Toronto Board of Education Rating (Letters A, B and C on abscissa indicate 


ratings of building types A, B,and C described in text) 
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FIGURE V 


Concentration (f.-mL-3) Asbestos Fibres of All Lengths versus the Calculated 
Ue S. Navy Level of Exposure Factors. (Letters A, B,and C on abscissa 


indicate exposure factors of building types A, B and C described in text). 
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FIGURE VI 


Concentration (ng-m-3) Asbestos Fibres of All Lengths versus the Calculated 
U. S. Navy Level of Exposure Factors. (Letters A, B,and C on abscissa 


indicate exposure factors of building types A, B and C described in text). 
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DISCUSSION 


The results of the air monitoring presented in this chapter indicate 
that at the time of sample collection, the airborne asbestos fibre levels 
were quite low. The concentrations of asbestos fibres longer than 5.0 um 
were in all cases less than 10% of the current Ministry of Environment 
guideline of 0.04 f.mL-l.- It is important that the results of this limited 
air monitoring not be considered in isolation from air monitoring reported 
elsewhere or from other sections of this study. The results cannot be used 
to prove that friable asbestos products in buildings pose no risk to the 
general occupants of a building or to the maintenance staff in a building 


for a number of reasons. 


Firstly the asbestos fibre concentrations are representative only of 
the airborne asbestos fibres at the time of sampling. The TEM sampling was 
generally performed during normal building operation when no disturbance of 
the friable asbestos-containing material was occurring. As the results in 
Chapter 7 indicate, some maintenance activities can produce very elevated 
airborne asbestos fibre concentrations even when performed under strict 
supervision with the appropriate asbestos related equipment. The general 
occupants of a building could be exposed to asbestos fibre concentrations 
significantly above those reported in Table II if such work is performed 


routinely. 


A second factor to consider concerning the presence of sprayed 
asbestos relates to the demolition or renovation of buildings. Any 
renovation or demolition of a building containing sprayed asbestos-— 
containing ee aaa or other friable products has the likelihood of 
producing levels of airborne fibres far above the currently accepted 
occupational standards. The results reported in Chapter 7 from a number of 
asbestos removal sites confirm this conclusion. Results reported in Chapter 
1 from a variety of sources indicate that high fibre levels are produced 
even during minor renovations such as removing pipe lagging, moving ceiling 
tiles ,or moving wiring in a ceiling space where sprayed asbestos is presente 
These results clearly indicate that all friable asbestos-containing 
materials must be removed prior to renovations or demolition. The Ontario 


Ministry of Labour guidelines (7) specify that, “Prior to the demolition, 


partial demolition or renovation of a building or similar structure, all 
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friable asbestos material shall be removed using the procedures referred to 
under ‘Asbestos removal'," The yuidelines therefore do not call for 
immediate asbestos abatement work, but will quite reasonably require 
a propriate precautions if asbestos material is to be disturbed. Therefore 
eventually all friable asbestos~-containing material will be removed and the 


only choice given to the building owner is to the timing of the work. 


The final factor which must be considered is the relationship between 
these data and data presented by others. The fibre counts and 
concentrations reported here are generally lower than reported by other 
workers such as the studies presented in Table IV of Chapter 1. This may be 
a characteristic of the type of asbestos installations in Ontario buildings, 
building characteristics or even such factors as quantity of make-up air 
used in the buildings examined. The data presented in Table II of this 
chapter were generally collected in buildings with suspended ceilings. A 
recent unpublished study in schools performed for the EPA (5) indicated that 
a mean of 231.43 ny.m-3 of asbestos was detected in 48 sites examined. The 
majority of these sites were in buildings containing a sprayed acoustical 
product fully exposed to the occupants. The 19 buildings examined in the 
current study were not scientifically selected and the results therefore can 
not be generally applied to all types of asbestos installations. In 
comparing the results of any two studies, it is important to consider such 
factors as the methods used in selecting buildings for study and the air 


sampling and analytical methods used. 


In spite of these limitations, it is clear that the airborne fibre 
levels measured in this study do not correlate with the three hazard 
evaluation indices in common use. This conclusion confirms the result of 


the aforementioned EPA study (6). 


It is the opinion of the author that the degree of maintenance 
activity, or plans for future renovation or demolition of an area with 
asbestos~-containiny materials are most important in determining the 
appropriate choice for an asbestos control programme. This will be 
commented upon after the data collected during asbestos control programmes 


are discussed in Chapter /7. 
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CHAPTER 7 


EFFECT OF CONTROL MEASURES 


INTRODUCTION 


The large expenditures to remove, encapsulate, or otherwise 
control fibre release from friable asbestos-containing material can 
be justified only if the measure selected does indeed reduce measured 
fibre levels or future possible exposure. Some work has been reported 
on the effect of asbestos removal on fibre levels (1) and air monitoring 
is often used as a method of ensuring suitable contractor performance. 
The data have not been collected or reported systematically however 
and are of little value. In order to determine the effect of an 
asbestos removal project on measured fibre levels in the building, eight 
projects involving the removal of sprayed material were monitored 
using optical microscopy, transmission electron microscopy,and visual 
inspections. This monitoring was performed before the asbestos- 
containing material was disturbed,during the work, and after the clean- 
up. One additional project involving the removal of asbestos-containing 
boiler insulation block was monitored using similar techniques. No 
enclosure or encapsulation work was monitored as no projects suitable 


for monitoring were ongoing at the time of data collection. 


Since the control option of management and custodial control 
is in common use, several operations involving work on or in the vicinity 
of sprayed asbestos-containing material were also monitored. This was 
intended to indicate the exposure levels to which maintenance workers 
or other building occupants may be exposed during normal maintenance 


operations. 


ASBESTOS FIBRE LEVELS DETECTED DURING INSPECTION AND MAINTENANCE 


Often when sprayed asbestos-containing material is located 
above a suspended ceiling, building owners have delayed performing 
asbestos removal or encapsulation. In these instances a programme of 
management and custodial control has been instituted to reduce the 
exposure of maintenance workers and other building occupants to air- 


borne asbestos fibres. The reduction of elevated airborne fibre 


ae 


Dee. 


Tee 


levels produced by impact during entry above the suspended ceiling 

and the protection of the workers during this entry are the major aspects 
of these control programmes. In order to determine typical levels 
produced during entry above a suspended ceiling two different operations 
were monitored. The first involved removing screw-in type or glued 
ceiling tiles, performing an inspection in the ceiling space, some- 
times taking a sample of the sprayed material and replacing the tile. 
These activities required little or no contact with the asbestos- 


containing material. 


The second operation involved a considerable disturbance of 
the material in the ceiling space in preparation for the installation 
of new wiring. The workers were removing snap-in metal tiles, vacuuming 
these and adjacent tiles and cleaning any other accessible dust-laden 
surfaces. Any direct contact with the sprayed material on the deck was 
inadvertent but, since the work above the ceiling was quite extensive, 


was impossible to prevent completely. 


Inspect ion Above Suspended Ceiling 


The activity monitored in this case involved inspect ing 
sprayed asbestos-containing material and occasional sampling of the 
material. The sprayed fireproofing contained more than 90% amosite 
asbestos and was located only on the structural steel. The suspended 
ceiling was of two different types. In corridors it consisted of 
perforated transite tiles backed with paper-wrapped fibreglass insulation. 
These tiles were removed by unscrewing the transite board and moving 
the fibreglass insulation to the side. In the rooms, 8" x 8" tiles 
were glued to a solid Gyprock ceiling. In order to enter the ceiling 


space a small square had to be cut in the ceiling. 


Test Methods 

The inspector and an observer were equipped with personal air 
pumps to collect samples for phase contrast microscopy (PCM) and for 
transmission electron microscopy (TEM). The PCM samples were collected 
by drawing known volumes of air through 3/7 mn. diameter cassettes 


holding 0.8 micrometre (um) pore size cellulose mixed ester filters 


backed by a cellulose back-up pad. The TEM samples were collected 


by drawing known volumes of air through 37 mm. diameter cassettes 
holding 0.4 or 0.2 pm pore size Nuclepore filters backed up by 0.8 


pm pore size cellulose mixed ester filters and cellulose back-up pads. 


The cellulose mixed ester samples were analyzed by phase 
contrast microscopy by NIOSH method P+CAM239 (2). In this method, 
sections of the filter are rendered transparent by a clearing agent and 
examined by a light microscope set for phase contrast conditions. 
Particles longer than 5 pm and with length to width ratios greater than 
3 to 1 are considered iibres. The fibres are counted until 100 
fibres are detected or until 100 microscope fields are examined. The NIOSH 
asbestos monitoring procedure was developed for use in the asbestos 
processing industry where airborne fibre levels are typically 1 fibre 
Gigs and almost all airborne fibres are asbestos. Results where other 
fibres may be present should be interpreted with caution because 
the procedure does not identify the fibre. Only fibres thicker than 
about 0.3 pm can be resolved by the light microscope and included 
in the count, regardless of their lengths. The lower limit of reliable 
quantitation for the method reported by NIOSH is V.t Etpre Sire Any 
results below this limit have concentrations that should be interpreted 


as indications of the lack of high levels rather than as accurate figures. 


The direct carbon coating extraction replication technique 
was used to prepare the Nuclepore polycarbonate membrane filter samples 
for analysis. In this technique the active surface of the filter is 
coated with a thick film of vacuum evaporated carbon. Chloroform is 
used as the solvent in a Jaffe Washer to dissolve the Nuclepore filter, 
leaving the deposit from the original air sample trapped in the carbon 
film supported on copper specimen grids. The prepared grids were 
examined in a transmission electron microscope (TEM) ata magnification 
of approximately 20-000... The, TEM technique incorporates fibre ident- 
ification so that only asbestos fibres are reported. In addition to 
examining the morphology of each fibre, in the TEM the crystal structure 
of a fibre is examined by means of selected area electron diffraction 
(SAED) and the elemental composition of a fibre is obtained by energy 


dispersive X-ray analysis (EDXA). During examination of these filter 


Lobo 
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samples, asbestos fibres were classified as either chrysotile or amphibole. 
Chrysotile fibres were identified by their characteristic tubular 
morphology with confirmation by SAED and EDXA whenever possible. The 
identification of amphibole was by SAED combined with EDXA. 


Results and Discussion 


The results of the analyses are presented in Table I. The 
TEM results are presented in more detail in Appendix K. The PCM 
results are reported in fibres per millilitre air (£.mL ty, The results 
of .the saneiiats by TEM are reported in both ae per millilitre air 
(f£.mL iy and nanograms per cubic metre air (ng. mn an The results for 
TEM are reported for asbestos fibres of all lengths and also for asbestos 


fibres greater than 5 pm. 


Fibre levels by optical microscope were significantly above 
background levels in each of the personal samples. The levels detected 
were less than the proposed occupational level (5) but were still sign- 
ificantly above levels normally measured in non-occupational settings. 
In order to identify the nature of the fibres detected the TEM was 


used on samples collected simultaneously. 


Low levels of small asbestos fibres, less than 5 pm in length, 
were detected in each of the two background samples and in the personal 
sample taken above the ceiling as the inspector worked. Low levels of 
short chrysotile fibres are normally present in the outside environ- 
ment. In addition, a few small asbestos fibres, both chrysotile and 
amphibole, are frequently detected as a result of the known low level 
contamination of the unused air sample filters. No asbestos fibres 
exceeding 5 pm in length were detected in any of these three samples. 
Therefore, at the time of sampling, the levels of airborne asbestos 
fibres longer than 5 pm in these areas were below the detection limit 


for each analysis. 


The concentration of asbestos fibres of all lengths in the room 
-1 
while the inspector worked above the ceiling was 0.39 f.mL . This 


is very significantly elevated above the background levels. Amphibole 
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asbestos fibres longer than 5 pm were present at the analytical detec- 
tion limit of 0.016 £.mL ee No chrysotile fibres longer than 5 pm 
were detected in this sample, and therefore the airborne concentration 


of these fibres was below the detection limit of 0.016 f£.mL oe 


In TEM analyses of air sample filters, the detection limit 
(concentration equivalent to 1 fibre detected) is directly dependent 
on the volume of air which has been sampled. In the case of the samples 
collected while the inspector worked, the sampling time, and therefore 
the total sample volume, was limited by the duration of the actual 
inspection activity. As a consequence of this low air volume, the 
detection limit for the anlyses of these two samples is higher than 
the limit for the analyses of the background Se The concentration 
of amphibole asbestos longer than 5 pm C0..06 ft :. mL a is due to the 


detection of a single amphibole fibre. 


All existing legislation and environmental guidelines concerning 
permissible fibre concentrations are expressed in terms of those fibres 
having lengths exceeding 5 micrometres. For control of the asbestos 
fibre concentrations in workplace atmospheres, the Ontario Ministry 
of Labour (MOL) currently proposes a time-weighted average exposure 
limit of 0-5 face (fibres longer than 5 pm) where amosite is known 
to be present. The specified measurement technique is phase contrast 
optical microscopy: In this technique all particles are reported 
which are visible in phase contrast jllumination at a magnification of 
450 and have lengths greater than 5 pm and aspect ratios of 3 to 1 or 
greater. There is no provision for identification and only particles 
sufficiently wide to be observed will be reported, regardless of length. 
Because of these limitations, this measurement technique is generally 
applied only where most airborne fibres are likely to be asbestos, 


such as in the asbestos industry. 


For control of asbestos fibre concentrations in the outside 
atmosphere, to which the general public may be exposed continuously, 
the Ontario Ministry of the Environment (MOE) applies a “ouideline" of 


0.04 ens (fibres longer than 5 pm), measured by transmission electron 
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microscopy. The TEM technique incorporates fibre identification so that 
only asbestos fibres are reported. Guidelines have not yet been estab- 
lished for air quality in general occupancy buildings. Small chry- 
sotile asbestos fibres are always present in any air sample, even in 


the outside environment away from cities. 


Low levels of asbestos fibres less than 5 pm were detected 
during examination by the more sensitive TEM technique. However, 
no asbestos fibres exceeding 5 pm in length were observed in either of 
the two background samples or the personal sample taken above the 
ceiling as the inspector worked. Therefore, at the times of sampling, 
the levels of airborne asbestos fibres in these areas were below the 
detection limit of these analyses. These levels are at least a factor 
of 2 below the Ontario Ministry of the Environment ambient asbestos 
guideline for continuous exposure of the general population in the 
outside environment. The airborne levels of asbestos in the room while 


the inspector worked above the ceiling were slightly higher than those 


observed in the other areas. However, to confirm this apparent increase, 


the sensitivity of these analyses would need to be improved by sampling 


larger volumes of air. 


These results indicate that all the fibre levels (detected 
by PCM) were below the occupational standard in Ontario and that the 
asbestos fibre levels greater than 5.0 pm (detected by TEM) were in 
all cases lower than the guideline of the Ministry of Environment. The 
measured short asbestos fibre levels are obviously above background 
levels but the significance of this is not clear at present. The 
levels detected are not of a level to cause concern over occupational 


exposure or environmental pollution. 


Maintenance Above Suspended Ceiling 


This activity could be considered to be heavy maintenance or 
minor renovation. The work involved entering the ceiling space above 
a snap-in metal tile ceiling, vacuuming the surrounding tiles and 
removing all visible dust. This was done to prepare the area for the 
installation of new communication wiring above the ceiling. The work 


of cleaning the tiles was performed by properly trained and equipped 
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personnel working outside normal working hours. Prior ta removing any 
tiles an enclosure was erected and taped to the ceiling. Work practices 
similar to those outlined in Chapter 1 Section 5.2 were followed 


throughout the work. 


Results and Discussion 

The techniques of air monitoring and analysis described in 
Section 2.1.1 were used for this work. One worker spent most of his 
time above the ceiling performing the vacuuming while his assistant 
only occasionally entered the enclosure or the ceiling space. Both 
were equipped with the personal air sampling pumps. Area samples for 
PCM and TEM analysis were collected very close to the work site and in 
a distant room during the work. The results of these analyses are 
presented in Table II. The TEM results from the assistant are approx 
imate as the pump stopped in the course of the work. The actual volume 
of air sampled was 100 to 155 litres. A volume of 100 litres has been 
assumed which may tend to overestimate the asbestos fibre levels. The 


results are presented in a similar form to those in Section 2.1.2. 


The results obtained by optical microscopy (PCM) are quite 
low for all samples collected. The sample collected on the worker above 
the ceiling is the only one which shows a fibre concentration sig- 
nifigantly above background levels. The value of 0.17 ne is well 
below the proposed Ontario occupational time weighted exposure limit 
for chrysotile of 1.0 eo T The TEM results for the same wor ker 
are very high however. The levels of 370.0 feild or 6400.0 aeenae for 
fibres of all lengths or 12.0 eee or 1100 ng. aaa for fibres longer 


than 5.0 pm are at least several orders of magnitude above normal 


background levels. 


The currently proposed Ontario occupational exposure limit 
for chrysotile is 1.0 eetan averaged over 8 hours with a maximum 
allowable concentration of 2.5 nee The specified measurement tech- 
nique is phase contrast microscopy (5). As discussed earlier all 
particles are reported which are visible in phase contrast illum- 


ination at a magnification of 450 and have lengths greater than 5 pm 


eae) 


and aspect ratios of 3 to 1 or greater. There is no provision for 
identification and only particles sufficiently wide to be observed 

will be reported, regardless of length. The levels proposed are 

based largely on experience from the asbestos processing industry where 

a specific distribution of fibre size exists. This distribution of 

fibre size may vary depending on the condition of air filtration or type 
of industry (4) and make a higher or lower percentage of the total fibres 
visible to the optical microscope. The PCM method as commonly used, is 
able to detect fibres only down to about 0.3 pm. Pott (3) has suggested 
the fibres down to 0.03 pm can have significant health effects.* Therefore, 
in the present case where no information on the fibre size distribution 
exists the PCM method may not be appropriate to determine the severity of 
exposure. No conclusion concerning this can be drawn on the basis of 


the results reported here. 


The results for fibre >5.0 pm outside the enclosure or for 
intermittent work in the enclosure are very low in all cases (by PCM or 
by TEM). These indicate that the methods of enclosure and the use of the 
HEPA vacuum have prevented the spread of significant quantities of asbestos 
fibres to surrounding areas. Therefore the general building occupants 
appear to be protected from significant exposure to airborne asbestos 


fibres. 


The airborne asbestos fibre concentration to which the worker is 
exposed however is very high as measured by TEM. Since the distribution 
of fibre size (ratio of visible to invisible fibres in the PCM) is not 
known for this type of work then this exposure may constitute a potential 
hazard. This hazard may not be prevented by maintaining the fibre levels 
within the proposed occupational levels measured by PCM. One means of 
ensuring that the exposure of the maintenance workers is not a potential 
hazard is to enforce the Ministry of Labour guidelines (8). That is, if 
work behind the ceiling such as that described here is necessary, then 


it should be preceded by removal of the asbestos. 


* This size effect is an issue over which there is considerable controversy. 
The mention of 0.03 pm is merely meant to show one possible conclusion, 


3.1 


Ld 


EFFECT OF REMOVAL PROJECT : SPRAYED MATERIAL 

In order to determine the effect of asbestos removal on the 
detected airborne asbestos fibre levels in buildings, a number of projects 
were examined in detail. Visual inspection of work sites during removal 
of sprayed material was augmented by both optical and transmission electron 
microscopy before, during and after removal. A total of eight sites were 
monitored in this fashion. These projects included work of four con- 
tractors, four firms supplying inspectors and air monitoring services, 
and four firms Seuss analytical services. Based on the judgement of 
experienced inspectors or site visits by the author, seven of the eight 
projects appears to be adequately performed and to exemplify adequately 


performed removal projects. 


The remaining project, based on visual inspection by the author 
at the completion of the project, had been improperly performed with 
substantial quantities of material remaining at the completion of the 
work. The results of air monitoring before the start of the removal work, 
during removal work and after clean-up of the work site will be discussed 
for each project in the following sections. Where possible the results 
of the air monitoring will be discussed with reference to the visual 


inspections. 


Air Monitoring and Visual Inspection 
The results of the air monitoring are presented in Table III. 


The TEM results for projects 1, 2, 3, 4, and 8b are presented in more 

detail in Appendix A. Project number 8 was inspected by two different 
firms and the analyses were performed by two different laboratories. These 
inspections are described as project 8a and 8b. The optical microscopy 

was performed in all cases by NIOSH Method P+CAM 239 (2). The TEM 
analytical techniques for projects 1, 2, 3, 4, 8a, and 8b are described 

in Section 2.1.1. The TEM results for projects 5, 6,and 7 were obtained 
from air samples collected on 0.8 pm pore size cellulose mixed ester filters. 
These filters were then ashed and the fibres were re-suspended using a 
technique described elsewhere (1). There is a possibility using this 
technique that fibre bundles will be split up and the asbestos fibre 
concentration will be overestimated. Mass concentrations were not reported 


for these three projects or for project 8a. 
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TABLE ITT 


Air Monitoring Results from Removal Projects, All 
Results From Area Samples,Phase Contrast Micro- 
scopy (PCM) Results Measured by NIOSH Method 
P & CAM 239, Individual Results and Aver- 


ages Reported. 
SR a RR EAR SE SES 


PROJECT BEFORE START OF PROJECT DURING WORK AFTER CONTRACT COMPLETION 
NUMBER OUTSIDE AREA 

OPTICAL OPTICAL OPTICAL 

MICROSCOPY TRANSMISSION ELECTRON MICROSCOPY MICROSCOPY {MICROSCOPY TRANSMISSION ELECTRON MICROSCOPY 


Asbestos Fibres >5.0 wm) Fibres Total Asbestos Fibres | Asbestos Fibres >5.0 ym 
£ .mL~ ng .m- £.mL-) £.mL7 ng.m~ f£ .mL- ng.m- 


Total Asbestos Fibres 


1 0.024 0.040 2.345 <0.005 -- 
0.020 0.010 0.092 <0.005 -- 
0.011 0.044 <0,005 -- 
0.047 0.330 <0.005 ao 
Average; 0.022 0.027 0.703 <0.005 
2 <0.1 0.024 4.53 0.003 1.4 
<0.1 0.017 2.05 0.002 1.6 
<0.1 0.019 3.14 0.004 rs 
0.005 1.01 0.002 1.0 
Average: | <0.1 0.016 dps 0.003 V5 
3 <0.1 0.016 2.520 <0.002 = 
<0.1 0.011 1.405 0,002 0.1 
<0.1 0.017 1.305 0.002 0.1 
Average: | <0.1 1 0.015 1.743 0.001 0.1 
4 <0.1 0.010 1.109 0,004 0.68 
<0.1 0.009 4.309 0.002 2.06 
<0.1 0.050 4.600 0.003 1.00 
Average:| <0.1 0.023 3,339 0.003 1.25 
5 0.001 0.077 (e) 0.004 (e) 
0.004 0.020 (e) <0.001 - 
0.004 0.013 (e) 0.002 (e) 
Average: 0.003 0.037 0.002 
6 0.004 0.015 (e) 0.001 (e) 
0.003 0.014 (e) <0.001 -- 
0.004 0.007 (e) 0.001 | (e) 
Average: 0.904 0.012 0.001 
7 <0.001 0.013 (e) <0.001 (e) 
0.003 0.012 (e) <0.001 (e) 
0.002 0.024 (e) <0,001 (e) 
Average: 0.002 0.016 <0.001 
8a 0.04 (e) (e) 0.004 (e) 
0.02 
Average: 0.03 0.004 
8b <0.01 0.019 0.13... <0.004 -~ 1301.1 
2239 
Average:| <0.01 0.019 0.13 <0.004 -- 662.0 
Code 


(a) No samples taken 

(b) Average of 6 measurements ranging from <0.1 to 0.4 f.mL~! 

(c) Average of 9 measurements ranging from <0.1 to 2.8 f .mL-! 

(d) Average of 7 measurements ranging from 0.1 to 8.7 f .mL-! 

(e) Figure not reported 

(f) Average of 7 measurements ranging from 0.006 to 0.039 £.mL! 
(g) Average of 8 measurements ranging from 0.006 to 0.013 £.mL~! 
(h) Average of 12 measruements ranging from 0.002 to 0.16 f.mL~ 
(i) Average of 5 measurements ranging from 0.01 to 0.09 f.mL-! 


Cages 


Projects 1, 5, 6, and 7 involved the removal of chrysotile - 
containing fireproofing above suspended ceilings. Projects 2, 3, 4, 
and 8 involved removing amosite-containing fireproofing above suspended 
ceilings or exposed in service rooms. The projects will be discussed 
‘separately based on written comments made by the inspectors. The comments, 
of course, will concentrate on any problems that were encountered by the 


inspector. 


Project 1 was a very well performed project in a relatively new 
building. There were no unexpected problems encountered in the work. 
The clean-up procedure used by this contractor was not the usual multiple 
vacuuming and wet cleaning used in most work (see Chapter 1). Instead 
a latex adhesive (POLYCO oy a Borden Chemical Co.) was sprayed on all 
surfaces after the first thorough cleaning step and before re-fireproofing 
(6). This was intended to increase the deposition rate of the fibres and 
to bind the fibres in a film of the sealant. The building was returned 
to service on the basis of a visual inspection. The air samples after 
contract completion were taken after the building was back in normal 
use. Projects 2, 3, and 4 were performed by one experienced contractor 
and inspected by one individual. In each case air monitoring was per- 
formed at the completion of the second clean-up after visual inspection. 
Project 2 was run by an experienced foreman and the inspector reported no 
problems on the project. The workers on project 3 were less exper- 
ienced and some problems of contamination of surrounding areas were 
encountered during the work. There were also some problems of over- 
wetting on project 3. Project 4 was performed in a rather sloppy manner. 
The workers initially were not adequately trained in the use of and need 
for correct enclosure and decontamination procedures. Contaminated 
equipment and some lumps of asbestos were left outside the work area and 
a clean-up was necessary to correct this problem. In spite of the problems 
encountered in the course of these three projects, the completed work 


was judged to be quite acceptable based on a visual inspection. 
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Project 5 was performed with a slight negative pressure in 
the work area. This was produced by a truck mounted vacuum system which 
drew air from a single location inside the rather large work site, filtered 
it, and expelled it outside the work area. The job was apparently well 
performed. Occupational air monitoring was performed on this project. 
The airborne fibre levels on personal samples in the work area averaged 
Le 8e at agh tis a range from 0.00 to 10.87 eden Projects 6 and 7 
were performed by the same contractor as project 1. The work was inspected 
by the same individual who had inspected project 5. The inspector indicated 
that the work was adequately performed butthat unlike project 5 no neg- 
ative pressure was used in the work sites. Occupational air monitoring. 
on the asbestos removal workers on project 6 showed on average fibre 
concentration of 0.30 Basie with a range of 0.16 to 0.93 elie The 
occupational monitoring results on project 7 averaged 0.33 Pas with 
a range from 0.11 to 0.62 cae The clean-up procedure used by this 
contractor was the same as used on project 1. In this case the sealer 
was a copolymer asbestos sealant (MULCO PROTECKTOR from Double A/D 
Distriburors Ltd.,) (6). It was also aprayed on all surfaces after the 


first thorough cleaning step and before the final cleaning. 


Project 8 was monitored by two separate firms. The results 
reported as 8a were obtained by the firm employed by the building 
owner. This firm was responsible for ensuring correct contract per- 
formance and had an inspector in attendance virtually every working day. 
The firm was quite inexperienced in inspecting and controlling asbestos 
abatement work. There were no severe problems reported to the building 
owner by this firm. Occupational monitoring on the work site indicated 
an average fibre concentration of 3.34 A ie with a range of 1.2 to 
6.08 fees Air sampling in the finished work area was performed by 
this firm very soon after completion of the work. The second inspection 
and air monitoring (reported as 8b) were provided by the author. This 
inspection was merely intended to provide a comparison of the results of 
two separate inspection and monitoring firms. The author had no direct 
contact with the contractor in the sense of recommending changes in work 
practices or equipment. This second inspection indicated that the clean- 
up had been entirely inadequate and that substantial quantities of unsealed 
amosite had been left in the work area. This final inspection and air 


Sampling was performed several months after the building had been returned 


/.2 


Tks 


to normal use. 


Discussion 


3.2.1 Before Start of Project 


The results of air monitoring before the removal of any asbestos- 
containing material are shown in Table III. The results from the 
optical microscope (phase contrast microscopy, PCM) in all cases are below 
0.1 antige which is generally accepted as the lower limit of reliable 
quantitation of this method. The very low levels reported are typical of 
normal background PCM levels. The buildings can not however be considered 
asbestos workplaces and therefore comparison with the existing occupa- 


tional levels measured by PCM is inappropriate. 


As discussed in Section 2 the Ministry of the Environment applies 
a guideline of 0.04 poet (fibres longer than 5 ym measured by TEM) for 
control of asbestos fibre concentrations in the outside atmosphere to 
which the general public may be exposed continuously. In the eight 
removal projects monitored before removal the highest concentration 
of asbestos fibres greater than 5.0 pm in length was 0.004, a factor of 
10 below this guideline. The maximum mass concentration reported was 
iso ae of fibres longer than 5.0 pm. Low levels of short asbestos 
fibres (less than 5.0 pm in length) were detected in each of the samples 
(except for 8a where the result was not reported). In every case 
however the detected fibre or mass concentration of these fibres is very 
low (less than 0.04 romie or 4 a Low levels of short chrysotile 
fibres are normally present in the outside environment. In addition, a 
few small asbestos fibres, both chrysotile and amphibole, are frequently 
detected as a result of the known low level contamination of the unused 


air sample filters. 


The levels reported here are not such as to indicate a sig- 
nificantly elevated airborne fibre level prior to the asbestos removal. 
The results of Section 2.2 indicate the very elevated asbestos fibre levels 
which can occur if friable asbestos containing materials are disturbed 
by maintenance or renovation. In the eight buildings reported here the 


samples were taken while the building was in normal use but not during any 


Tole 


heavy maintenance or renovation work. The results of the air monitoring 
are representative only of the airborne asbestos fibre levels at the time 
of sample collection and should not be used as a basis for the selection 
of the appropriate control measure. This is discussed in more detail in 


Chapters 1 and 7. 


S282 During Removal 
3.2.2.1 Outside the Work Area 


The airborne fibre concentrations were measured by PCM outside 
the work area during work in all projects except number 1. The concen- 
trations outside the work area on projects 3 and 4 were on average above 
the proposed occupational standard of 0.5 ae ae for amosite. In addition, 
the measured fibre levels in the remaining amosite jobs (projects 2 and 
8) were in all cases higher than the projects involving chrysotile removal 
(projects 1, 5, 6 and 7). This is consistent with the observation that 
the generation of dust is more severe during amosite removal than during 
chrysotile removal. The enclosures were sufficient tomaintain fibre levels 
outside the work area below occupational standards in all projects except 
3 and 4 whether negative pressure was used or not. The effect of negative 
pressure in the work site on fibre levels outside the site cannot be 
adequately evaluated based on the limited information in Table III. The 
comments of the inspector reported in Section 3.1 and the results in 
Table III indicate that airborne fibre concentrations outside the work 
area can easily exceed occupational levels if the isolation rooms are 
not maintained, the decontamination areas are improperly used or asbestos 
contaminated equipment is placed outside the work area. This demonstrates 
the need for adequate inspection of the enclosures and work practices 


throughout the project. 


Airborne asbestos fibre concentrations outside the work area 
were measured by TEM on project 8b. The single sample analyzed gave 
xs 1301.1 ng,m?; 
| _ 991.0 ign 4 


the following results for total asbestos fibres: 0.32 f.mL 
and the following results for fibres longer than 5,0 pm: 0.058 f.mL 


Y ailey 


These levels are yery much higher than the concentrations reported in 
Table III before work commenced. The levels for fibres longer than 5.0 
pm exceed the Ministry of Environment guideline of 0.04 rgb ig This 
result confirms that asbestos fibres are being allowed to contaminate 
the surrounding area. This confirms the contamination suggested by the 
PCM results. The evaluation of this contamination of the surrounding 
areas must consider that the duration of the work was rather short (less 
than one month). The Ministry of Environment guideline of 0.04 eee iis is 


intended for long-term or continuous environmental exposure. 


Inside the Work Area 


Occupational monitoring of the asbestos removal workers was 
performed only on projects 5,6,7, and 8. The results of the occupational 
monitoring are summarized below. 

TABLE IV 


OCCUPATIONAL EXPOSURES DURING REMOVAL 
(NIOSH METHOD P+ CAM 239) 


Projects 5,6, and 7 involved the removal of a chrysotile-contain 
material while project 8 involved amosite removal. Project 5 employed a 


truck mounted system to provide negative pressure in the work site. The 


- results from projects 6 and 7 indicate that these jobs, both performed 


by the same contractor, were performed with excellent control of airborne 
fibre levels in the work site. Project 5 showed a significantly higher 
average fibre level in the work site, although fibre concentrations 
measured in project 5 were all below 1.0 f/ec except for the results 

on one worker. The high levels on this worker confirmed obvious care- 
less work habits on his part. The worker was transferred at this time to 
a different job in the work area and this solved the problem of elevated 
fibre levels. The average fibre concentration excluding this one worker 


was 0.34 “pes ae which is very similar to projects 6 and 7. The use of 


PROJECT Number of Average fibre Range 
Number Samples level f.mL 1 f.mL-! 
2) 18 1.08 0.00 - 10.87 
6 16 0.30 Ou LG aereesD. 93. 
i 19 0.33 0.11 - 0. 62 
8 5 3.34 LeZO = 6.08 


ing 


ae 
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negative pressure has been shown on other projects to reduce fibre 
levels in the work area (7). It also provides additional security in 


the event of a breach in the enclosure. 


Project 8, which involved amosite removal, consistently showed 

the highest fibre concentration inthe work site. All of the five 

samples collected were above 1.0 aces The proposed Ontario Regulations 
(5) specify that powered air purifying positive pressure dust respirators 
or positive-pressure supplied air respirators must be used if the level 

of 250 gets is exceeded in an area where amosite fibre is present. The 
inspector apparently made no recommendation to this effect and the workers 
used the replaceable filter-type half-face air purifying dust respirator 


which is not acceptable at these fibre levels. 


Although no occupational monitoring in the work site was per- 
formed on the other projects the levels obtain by PCM outside the work 
site do give some cause for concern in projects 3 and 4. The average levels 
of 0.69 and -2.2 has outside the work site (which are above the proposed 
amosite occupational standard) imply clearly that the levels inside the 
work area are also above the level of 1.0 a In neither of these 
projects was the contractor urged to provide an increased level of respir- 
atory protection. There was no provision in the job specifications for 
occupational monitoring to determine the fibre concentration inside 
the work area. No on-site inspection was provided by the Ministry of 
Labour or other responsible authority to investigate the occupational 


exposure of the workers. 


After Completion oL Proyect 


3.2.3.1 Adequately Performed Projects 


The eight projects listed in Table III were all monitored by 
PCM and TEM at the completion of work. The results reported for projects 
1 and 8b were obtained several months after the completion of the work 
when the building was back in normal use. All remaining results were 
obtained shortly after completion of the final clean-up and before the 


work area was returned to the owner. 
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As discussed earlier, projects 1 through 7 were judged to be 
adequately performed and the completed job was judged to be acceptable 
to the inspector. The PCM results on projects 1 through 7 are equal to 
or lower in all cases than 0.1 ee which is quoted as the limit of 
reliable quantitation for the PCM method (2). The limitations of the 
PCM method discussed earlier are such that TEM monitoring must be used 
to provide accurate information on airborne asbestos fibre concentrations 


in this environment. 


The results of the TEM monitoring after contract completion, 
presented in Table III, generally indicate that the airborne asbestos 
fibre levels are quite low in all seven cases. Considering only 
fibres longer than 5.0 pm the highest fibre concentration is 0.028 fat 
which is well below the Ministry of Environment guideline of 0.04 pa 
The mass concentration, where reported, ranges from 0.0 (no fibres 
detected) to 107.0 ng ioe The total asbestos fibre concentrations 
(fibres of all lengths) range from 0.026 to 0.53 pike and: tet costs bg 
Segee These TEM results after the completion of the contract are higher 
than levels detected before the start of the project in all cases except 
project 4. The concentrations are in all cases well below the environ- 
mental guideline. Since the TEM sample is generally collected immediately 
after the second clean-up it is expected that these levels would decrease 
when the area is opened and the low concentration of remaining fibres are 
dissipated to the surrounding areas or yented to the outside of the building. 
The TEM results therefore appear to agree with the acceptable visual 


_condition of the work areas. 


No correlation is apparent between work practices during removal 
and measured TEM fibre levels after the work is completed. For example 
the TEM concentrations after contract completion for project 2 are greater 
than for project 3 which in turn are greater than for project 4. The 
inspector on these jobs indicated that the greatest difficulties and 
highest fibre levels during removal were measured on project 4 with project 
2 posing the least difficulty. Therefore, the measured asbestos fibre 
concentrations at the completion of the project are opposite to the levels 


anticipated from consideration of the work practices on these projects. 
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3.2.3.2 Inadequately Performed Project 
Although project 8 was approved by the inspection firm employed 


by the building owner a later inspection by the author (confirmed by 
the building owner) indicated that the project had not been satisfac - 
torily completed. Significant quantities of unsealed amosite could be 
found on equipment, floors,and ducts. This was severe enough to 
require a complete re-cleaning of the area at a later time. The air 
monitoring results obtained at the time of the later inspection and 


reported as 8b were obtained before this delayed cleaning step. 


The PCM levels at the completion of project 8 were determined 
to be low by both the inspection firm immediately after the second clean- 
up and by the author after the building was returned to use. The fibre 
concentrations by PCM are similar to those measured before the start of 
the project. The PCM method is clearly not adequate to be used on its 


own as a measure of satisfactory contract performance. 


The asbestos fibre concentrations by TEM were reported only for 
fibres longer than 5.0 pm by the first inspection firm. The level of 
0.01 ae te agrees closely with the level measured at the time of the 
second inspection after the building was back in service (02022 é merece 
The value of 0.012 ema must be treated with caution as it is the 
average of two results only. One of the samples contained no fibre of 
length greater than 5.0 pm while the other sample gave a value of 0.024 
glans The full results of the second TEM air monitoring appear to 
more clearly indicate the inadequate project performance. The average 
concentration of asbestos fibres of all lengths was 0.256 eg ee or 
662.0 eee The concentration of asbestos fibres greater than 5.0 pm 
in length was 0.012 praie: or 600.0 Cee These results are signifi- 
cantly higher than concentrations detected before the start of the project 
and if the analytical results of the first inspection had been reported 
in full (rather than just 0.1 faa for fibres longer than 5.0 pm) 
they might have indicated a potential problem in contract performance. 
The mass concentrations in particular appear to indicate a potential 
problem as the mass concentration of 600.0 ng. m is more than 5 times 


greater than projects 1, 2, 3, and 4 where the mass concentrations are 


reported. 


Fr, 


yh 


The TEM analyses of projects 5, 6, and 7 also did not include the 
mass concentrations of the asbestos fibres. The results of the TEM 
monitoring on project 8 indicate that the mass concentrations may be a more 
sensitive measure of the effectiveness of the clean-up than fibre 
concentration. The concentration of total asbestos fibres in project 5 
(0.53 f.mL-l)is more than double the total asbestos fibre concentration 
measured in project 8b (0.256 f.mL-1). The mass concentration, if it had 
been reported, may have indicated a correspondingly high mass concentration 
due to contamination not detected by the inspection. It appears from these 
results that TEM monitoring may be of some use in supplementing visual 


inspection of a removal project. 


EFFECT OF REMOVAL PROJECT : PIPE AND BOILER INSULATION 

One project involving the removal of approximately 1,400 square 
metres of boiler and pipe insulation was also monitored. The block or 
board type insulation contained both amosite and chrysotile. It was 
applied in a number of layers to a total thickness of up to 4". Each block 
was wired or strapped into position and the entire unit was coated with 
mesh, asbestos-cement or asbestos-free cement, and paint. The installation 
was in excellent condition and was removed only because the equipment was 
being dismantled. The project was monitored from before any material was 


removed until the completion of the clean-up. 


The removal of asbestos-containing pipe and boiler insulation has 
generally been performed in Ontario without asbestos-related precautions. 
The contractor, building owner and the author (who inspected the work) 
therefore had to develop appropriate work practices as this work 
progressed. The initial work practices were typical of those used in the 
removal of sprayed material. The removal of the pipe insulation was much 
more difficult, however, and the contractor and inspector devised alternate 
work practices. These modified work practices maintained the airborne 
fibre levels within concentrations appropriate for the respiratory 
protection provided to the workers. The results of visual observations and 
air monitoring of these two types of work practices will be discussed in 


this section. 


4.1 


7222 


Air Monitoring and Visual Inspection 


The methods of sample collection and analysis used in this projece 
have been previously described in Section 2-1-1. In the present project 
significant levels of non-asbestos fibres and non-fibrous dust were present 
both inside and outside the work area and short sampling times were used to 
collect the samples for analysis. The results of the PCM and TEM air 
monitoring before the asbestos removal started and after the work area had 
been cleaned are reported in Table Ve The TEM results are presented in 
more detail in Appendix K. The occupational (PCM) monitoring during 


removal will be discussed below. 


At the start of the project the contractor applied the techniques 
appropriate for the removal of sprayed material. These precautions 
included the use of asbestos-approved half-face respirators, protective 
clothing and showers for the workers and the enclosure of the work area 
with plastic. An attempt to wet the material with amended water was made 
but the multiple layers of insulation made adequate wetting impossible. 
The initial methods of asbestos block insulation removal were similar to 
methods used until recently in all asbestos insulation block removal. The 
outer layers of paint and cement were broken with a hatchet or hammer, the 
material was wetted if convenient and dropped to the floor where it 
remained for some time until placed in bags or barrels and removed from the 
work site. Occupational air samples taken during this initial work 
indicated that the fibre levels by PCM were too high to count. The 
airborne fibre concentration was well in excess of 5.0 f.mL-1 and may have 


been of the order of 10.0 f.mL-l or more. 


Work on the removal was stopped as soon as these work practices were 
observed by the author during the first site inspection. This shut-down 
occurred even before the PCM samples had been analyZed. Modified work 
practices were established during this shut-down in consultation with the 
workers and the contractor. The procedure included: 


(a) men working in two-man crews with one equipped with a water 
Spray at all times; 

(b) immediate bagging of the blocks before they are allowed to fall 
to the floor; 

(c) removal of the insulation in layers with wetting of each layer 
as it is being removed; 

(d) provision of better water spray equipment, 

(e) better control of bagged waste. 


These procedures slowed the rate of removal work significantly. It was 


anticipated that the modified techniques would reduce the airborne fibre 
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concentration to a level at which powered air purifying respirators would 
not be required. The use of these powered air purifying respirators was 
extremely difficult in the confined work area and it was felt that the more 
compact non-powered masks were safer for the workers in other respectSe 
Once these modified procedures were in use the air monitoring was repeated. 
The average measured fibre level by PCM was 4.9 femL-l,with a range of 3.8 
to 6.1 femL-l. Although these fibre levels indicated a significant 
improvement in the conditions, the levels were still higher than 
anticipated. Based on this result all the workers were equipped with the 
powered air purifying respirators which provided adequate respiratory 
protection to comply with the proposed Ontario Regulations and Code for 


Respiratory Equipment for Asbestos Cis 


The workers became more proficient and rapid using these new 
procedures as the work progressed. In addition to this, the work methods 
improved and the fibre levels decreased. Air monitoring results near the 
end of the project gave an average fibre concentration of 1.0 f.mL-l, with a 
range from 0.7/7 to 1.3 f.emL-l. This clearly indicated that the experience 
gained by the workers on this project resulted in significantly improved 


work practices and fibre levels. 


Monitoring outside the work site was also performed while the 
removal work was progressing. The PCM results averaged 0.43 f.mL-l, with a 


range from Uel to lel f.mL-l1 during the course of the worke 


Discussion 


The results of the air monitoring shown in Table IV and presented in 
the previous section are difficult to interpret for several reasons-e The 
PCM samples obtained before the start of the project showed fibre levels 
well above usual background readings. Examination of these fibres with the 
electron microscope indicated that a large fraction, likely a majority, of 
these fibres were non-asbestos.e These non-asbestos fibres were associated 
with materials commonly in use in the building. This result indicates that 


the PCM results outside the work area itself are somewhat suspecte 


The TEM results before the work started did show the presence of 


asbestos fibres, largely amosite. The concentration of asbestos fibres 
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longer than 5.0 pm was 0.048 a or 650.1 ae a This level is above 
the Ministry of Environment guideline of 0.04 fous Y for control of asbestos 
fibre concentrations in the outside atmosphere to which the general public 
might be exposed continuously. Considering that the TEM reports only 
asbestos fibres and that the method will detect fibres not visible in the 
optical microscope the actual asbestos fibre levels are very much below 

the proposed occupational standard in Ontario (at least a factor of 10 below 
this standard). No source of these fibres could be identified by the author 
or the building ower. Currently further work is ongoing to identify and 


eliminate this source of contamination. 


The TEM fibre concentrations after completion of the block 
removal and clean-up are elevated from the TEM levels detected before 
the removal was started. The fibre concentrations of One ree or 
102 57.5 aeinee could not be conclusively attribted to the removal of 
the asbestos-containing block since the levels prior to the removal 
were also much higher than normal background levels. Visual inspection 
of the completed project indicated that the removal and clean-up had 
in fact been adequately performed. No conclusion can be drawn con- 
cerning the effect of the removal of the asbestos-containing block on 
the airborne fibre levels in the building other than to point out the 
apparent increase in measured asbestos fibre levels in this limited 
number of samples. More block insulation removal projects would have to 


be monitored before a conclusion could be drawn. 


The results of the occupational monitoring indicate that the 
removal of asbestos-containing insulation block can produce airborne 
fibre levels far in excess of the proposed Ontario Regulations. The 
control of fibre levels proved to be much more difficult than in the 
removal of sprayed asbestos-containing material due to the difficulty of 2 
wetting the material. The contractor's performance in this case improved 
sufficiently to suggest that acceptable work practices could be adopted 


to protect the workers. 
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CONCLUSIONS 


The results of the inspection and maintenance behind suspended 
ceilings hiding sprayed asbestos indicated that the control option of 
management and custodial control described in Chapter 1 may not be appro- 
priate in some buildings due to maintenance activities in the building. | 
The air monitoring of the brief inspection above the suspended ceiling 
indicated that the inspector or persons in the vicinity were exposed to 
low fibre concentrations (by PCM) or asbestos fibre concentrations (by 
TEM). There was no apparent effect on asbestos fibre levels elsewhere 
in the building. The air monitoring during the cleaning of tiles prior 


to the installation of wiring showed only slightly elevated fibre levels 


(by PCM) for the workers. However the TEM revealed the extremely high asbestos 


fibre concentrations to which the worker above the ceiling was exposed. 
These fibres are too thin to be observed in the optical microscope and are 
not normally considered in occupational monitoring by PCM. In any 
building where a programme of management and custodial control is proposed, 
consideration must be given to the maintenance or minor renovations 

which may occur in the building. If the reported exposure to fibres too 
thin to be detected by PCM are thought to present a significant health 
hazard, and maintenance procedures similar to the tile cleaning and 
removal are performed regularly, then this option is likely inappropriate 


unless more stringent work practices are developed. 


The results of the monitoring of the eight projects to remove 
sprayed asbestos indicate that asbestos removal can be performed in such 
a fashion as to completely remove the asbestos-containing material, 
protect the workers and leave the building with very low fibre levels. 
One project clearly showed that improperly performed removal work can 
result in a greater potential contamination of the building than if the 
material had been left undisturbed. The results of the parallel 
inspections of this one inadequate project indicate the necessity of an 
experienced inspector to oversee the correct job performance and particu- 


larly the final clean-up. 


Ud 


Air monitoring results, both PCM and TEM, before the start of the 
work could not be used as a basis on which to select the appropriate 
control option. The measured fibre levels (by PCM) or asbestos fibre 
levels (by TEM) were very low in all buildings prior to the start of the 


project. 


PCM monitoring during the removal outside the work area proved 
to be useful in several instances in confirming sloppy work practices 
reported by the inspector. Visual inspection of the work site proved to 
be the most useful method of overseeing the removal work. The results of 
the occupational (PCM) air monitoring indicate that powered air-purifying 
respirators were necessary on at least 3 of the 4 projects involving amosite 
removal to remain within the proposed Ontario Code for Respiratory Equipment 
for Asbestos. This has not in the past been enforced by building owners 
nor the Ministry of Labour. There is no sign that this situation is 


changing at present. 


Air monitoring by PCM at the completion of work was not useful 
in determining whether the removal of the asbestos and clean-up of the 
area had been performed satisfactorily. TEM air monitoring appeared to 
give some indication of the effectiveness of the removal and clean-up, 
This appeared to be particularly the case with TEM analysis of total 
asbestos fibres (all lengths) and with the mass concentration of asbestos 
fibres. The data in this section are too limited to permit this to be 
conclusively demonstrated. In general the measured asbestos fibre levels 
or mass concentrations are higher at the completion of the asbestos removal 
but still very much lower than the Ministry of the Environment guideline 
for airborne asbestos fibre. Visual inspection appears to be the necessary 
part of ensuring that all asbestos-containing material has been removed 
and the work area properly cleaned; air monitoring may or may not provide a 


useful supplement to this visual inspection. 


The inspection and occupational air monitoring results of the 
asbestos-containing insulation block removal illustrated the problems 
which may be encountered in this type of asbestos removal work. The 
airborne fibre levels were generally higher than in the removal of sprayed 
asbestos—containing materials. Specialized work practices can reduce the 
fibre levels, but powered air purifying respirators must be used to comply 
with the proposed Code for Respiratory Equipment for Asbestos until the 


workers gain necessary experience. 
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8.1 
CHAPTER 8 


CONCLUDING OBSERVATIONS AND RECOMMENDATIONS 


INTRODUCTION 

The work performed for the Royal Commission on Asbestos by the 
author has been reported in the previous seven chapters. The purpose of 
this final chapter is to recapitulate some of the more important 
conclusions drawn in each of the previous seven chapters and to consider 
the subject of asbestos in buildings in its entirety. The format of this 
chapter is different from that of the previous chapters which were 
structured to present the data collected in the study. This chapter is 
intended to provide general guidance to the reader based on the data 
collected and the judgement of the author. This is done by posing and 
answering a series of questions on the subject of asbestos in Ontario 
buildings. In order to keep this chapter as concise as possible the 
conclusions of the previous seven chapters are not re-stated in their 


entirety and the reader should refer to those chapters as welt. 


CONCLUSION AND RECOMMENDATIONS 


Question 1: What materials in buildings have the potential of producing 


a level of airborne asbestos significantly above ambient 


levels? 


Response 1: Any friable products which contain asbestos and are used in 
buildings have a potential of producing airborne asbestos fibres. This 
does not however mean that these products in a building do necessarily 
produce airborne asbestos levels significantly above ambient levels. This 
has been confirmed by air sampling and electron microscope analysis from 
other jurisdictions reported in Chapter 1 or from Ontario buildings 
reported in Chapter 6. However when these friable asbestos-containing 
materials are disturbed the potential clearly exists for the production of 
airborne asbestos fibre levels well above ambient levels and in some cases 


for the production of airborne fibre levels well above the proposed Ontario 


occupational standards for asbestos. 


Question 2: When are significantly elevated levels of asbestos fibres 


released from this potential source of contamination? 


Response 2: When friable asbestos-containing materials are disturbed by 
physical contact asbestos fibres are released to the air. This disturbance 
may be caused by maintenance work near the friable material or above a 
suspended ceiling hiding friable material, by renovations which affect the 
friable material, or by demolition of a building or structure containing 
friable material. The extent of disturbance necessary to produce a 
specific level of airborne asbestos fibres depends on a number of factors. 
A major factor is the friability of the material being disturbed. Obviously 
a low density dry applied (fibrous) spray with a high asbestos content and 
a low binder content will more easily produce elevated airborne asbestos 
levels than a higher density wet applied (cementitious) spray with a lower 
asbestos content. The air monitoring results in Chapters 1 and 7 give some 
indication of work which will produce significantly elevated fibre levels. 
Thus brief inspections above a suspended ceiling hiding friable asbestos 
fireproofing do not appear to produce levels above current occupational 
standards for the worker or above current environmental standards in the 
building. Other work which requires extensive disturbance of ceiling tile, 
direct contact with friable materials, or the removal of even small 
quantities of friable material can produce levels above both the 
occupational and environmental standards. No absolutely definitive rules 
can be established to differentiate between the activities which produce 
these levels. In some cases airborne fibre levels significantly above 
ambient levels can also be produced by routine cleaning activities which 


disturb any settled asbestos fibre. 


There is currently some debate on whether there is fibre release from asbestos 
coated fire dampers or from asbestos-containing ceiling tile during normal 

use or removal. The author recommends that a study dealing with the 

release of asbestos fibres from these materials be performed and a 

statement concerning the need for any abatement action be made. Until that 

time the author recommends that no action be taken to replace or encapsulate thes¢« 


tiles or dampers beyond normal building maintenance activities. 
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Question 3: How can a potential hazard be identified and what would the 


total cost be to Ontario building owners? 


Response 3: As discussed above, any friable asbestos product constitutes a 
potential hazard of significantly elevated fibre levels. This potential 
hazard can become an active problem if the material is disturbed by some 
maintenance activities, renovation, or demolition of the building. The only 
way to identify every potential hazard would be to inspect every building 
which could conceivably contain a friable asbestos product, sample all 
friable materials and have the materials analyzed. This would constitute a 
major undertaking and be extremely costly and time consuming. The cost of 
a preliminary inspection for sprayed materials has been estimated in 
Chapter 4 to be in the order of $0.04 per square metre. If one assumes 
that a total area of 45,000,000 m2 of industrial, commercial, institutional, 
and governmental construction in Ontario (1950 - 1973) were to be inspected 
the total cost of this identification would be $1,800,000.00. This assumes 
quite properly that virtually no sprayed material is located in residential 
construction. It is not generally possible to isolate and inspect only 
buildings constructed or renovated during these years (1950 - 1973) and in 
practice a very much larger area of buildings would have to be inspected 
for sprayed material. The cost could therefore be several times greater 
than the above estimate. These numbers include only inspection for sprayed 
material, not other forms of friable asbestos (most notably pipe and boiler 
insulation). Since these materials were used in all types of construction 
(including some residential construction) over a large period of time the 
cost of inspection for these materials would be expected to be greater than 
for sprayed material. One problem of a universal inspection programme is 
that once any friable asbestos product is identified in a building, whether 
it is releasing fibre to the building or not, public or worker concern is 
aroused. Because of this concern abatement projects may be performed where 


there is no immediate risk of fibre release. 


No correlation was found between the measured fibre levels in the Ontario 
buildings monitored and any of the three hazard assessment indices tested. 
There indices generally depend on visual inspection and bulk material 
analysis. A similar result has been recently reported by the EPA in 
evaluating their own exposure assessment algorithm. These hazard indices 
at best appear to measure the potential ease with which fibres may be 


released from a surface-- not to evaluate any actual hazard. A much more 
important factor in the judgement of the author is the amount of 


disturbance to which an asbestos-containing friable material will be subject. 


8.4 
Since friable asbestos-containing materials do not apparently produce 
significantly elevated fibre levels when in an undisturbed condition a 
second method of preventing exposure of workers to elevated fibre levels is 
also possible. This method would require the analysis of any friable 
material which would be disturbed by substantial maintenance work, 
renovation,or demolition activity, and the use of appropriate asbestos 
control measures only at that time. The inspection must include work which 
involves major disturbance of a suspended ceiling hiding friable sprayed 
asbestos. This is similar to the recommendation contained in the Ontario 
Ministry of Labour “Guideline for the removal and treatment of asbestos on 
construction projects.'' This method of protecting workers from exposure to 
elevated asbestos fibre levels would be much less expensive than immediate 
universal inspection and could extend the asbestos abatement work over a 


longer period of time. 


There are some major drawbacks to this approach however. Firstly the 
exposure of maintenance workers to asbestos would be difficult to 

control since the work they perform would not normally be considered either 
renovation or demolition. Secondly,there is no guarantee that all firms 
involved in renovation or demolition work will indeed comply with the 
requirement for sampling and analysis of friable materials. At the present 
time only projects in excess of $50,000.00 need be reported to the Ministry 
of Labour for mandatory inspection. The author is personally aware of 
numerous projects costing less than $50,000.00 which should fall under the 
Ministry of Labour Guidelines for asbestos on construction projects and 
which have been performed without following these guidelines. This is 
partially due to the fact that many of the contracting firms are not aware 
of the presence of friable materials containing asbestos, are unaware of 
the correct procedures to be followed,or are incapable of carrying out 
these procedures. Therefore the contractor, who would normally be the 
party responsible for notifying the Ministry and enforcing the rules to 
protect his own workers, is being asked in many cases to close down the 
contractor's own project. This is obviously an unworkable procedure. It 
is the author's opinion that the building owner should also be made legally 
responsible for ensuring that friable materials are analyzed prior to 
disturbance by renovation or demolition. This sampling may be performed by 
either Ministry of Labour inspectors or inspectors from the private sector. 
This second inspection method is therefore subject to much greater problems 
of enforcement than the universal inspection programe but, if properly 
applied, could be as effective. A higher degree of worker awareness of the 


potential hazard of airborne asbestos during renovation or demolition would 
aid the enforcement of this regulation. 


8.5 


Question 4: What constitutes an appropriate asbestos control programme? 
Response 4: Removal of all friable asbestos containing material from a 
building constitutes the only truly permanent solution to the potential 

for the release of airborne asbestos during the normal use and maintenance 
activity, renovation or demolition of a building. As long as the friable 
material is left in an undisturbed condition, however, a programme of 
Management and custodial controls may avoid significant worker exposure to 
elevated fibre levels in many buildings. If a management and custodial 
control programme (referred to as “deferred action" by the U.S. 
Environmental Protection Agency) is adopted a number of conditions must be 
assured. These conditions include: ensuring that routine maintenance is 
such that the friable material is not extensively disturbed, ensuring that 
renovations or demolition will be properly performed following correct 
procedures for asbestos-related work, notifying all persons who may disturb 
the material in their duties, training those staff in the correct 
procedures of maintenance or cleaning near the friable materials, and 
ensuring that periodic re-inspection be performed to guarantee that the 
above procedures are being followed. There are some situations in which a 
Management and custodial control programme is not appropriate because 
compliance with the above steps cannot be assured or because high fibre 
levels are produced during routine maintenance. The steps of a management 
and custodial control programme are described more fully in Chapter l, 
Section 5. This method is particularly appropriate in buildings containing 
friable pipe and boiler insulation. This material is usually already 
coated with cloth and paint and need only be removed when other building 
alterations or demolition require the removal or alteration of the piping 
or boiler itself. Any damage to the covering should be repaired and 


“future damage avoided. 


It is the author's judgement that neither encapsulation nor enclosure are 
generally useful asbestos control procedures with only a few exceptions. 
These exceptions will be discussed below. Neither of the methods will 
prevent the generation of airborne asbestos when the solid enclosure is 
breached or the layer of sealer or encapsulant is damaged. This means that 
at the time of extensive renovation or demolition of the building the 


asbestos must be removed following the appropriate procedures. In addition 
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once a friable sprayed material is enclosed or encapsulated the later 
removal of the material is made more difficult. As pointed out in Chapter 25 
Section 4, the EPA has indicated that encapsulation can not be 
effectively performed at all on many types of sprayed friable materials. 
As discussed above, friable materials, unless disturbed as would be the 
case during encapsulation or enclosure, do not apparently release 
significantly elevated levels of airborne asbestos fibre. Therefore in 
general, enclosure or encapsulation are neither necessary in the short-term 
to prevent fibre release during normal building use nor effective in the 
long-term in preventing fibre release during extensive renovation or 
demolition. The use of encapsulation, as a less expensive control measure 
than removal, is occasionally used merely to calm employee or parental 
concerns. This is a use which is known to the author but the potential for 
elevated fibre levels during the work and the possibility of later 
disturbance of the material make this generally inappropriate in the 


author's judgement. 


Encapsulation or enclosures are appropriate, however, in some specific 
cases. The repair of pipe or boiler insulation usually involves some 
enclosure or encapsulation. An encapsulant or enclosure can be used in 
some local areas that are impossible to access during asbestos removal work. 
Encapsulants or sealers are commonly used after asbestos removal to “seal 
down” any loose fibres which may have been missed by the removal or 
cleaning procedures. This is particularly the case on concrete decks or on 
the overspray of the asbestos-containing materials which is often found on 
walls above the suspended ceiling. If tiles are being re-used after 
asbestos removal these tiles are usually cleaned and the top surface is 
often coated witha layer of paint or encapsulant to seal any residual 
asbestos-containing dust. In some cases where asbestos removal is 
absolutely impossible, encapsulation or enclosure may be appropriate. The 
building owner should be aware that this action does not in general 
permanently resolve the potential problem. In a few instances a 
penetrating sealer can saturate the entire thickness of some acoustic 
products and render the entire mass non-friable. In this limited use the 


encapsulant could be considered a permanent solution. 
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Response 5: When correctly performed in an appropriate situation both 
management and custodial control and complete removal of friable 
asbestos-containing materials can be effective asbestos abatement 
techniques. As the limited air monitoring of maintenance-type activity in 
Chapter 7 showed, the release of fibres to the building environment can be 
controlled in some instances by the use of special equipment, work 
practices,and enclosures. A programme of management and custodial control 
is not appropriate in other cases where it is not certain that these 
procedures will be followed by maintenance staff, other building occupants 
or outside workers (telecommunications workers, etce),or where the release 
of high fibre levels will occur on a routine basis due to necessary 
building operations. Air sampling may be useful in determining whether 
maintenance activities can be performed without exposing the worker or 
other building occupants to elevated asbestos fibre levels during these 


maintenance operations. 


The removal of friable material from the building can be the most effective 
permanent control procedure if it is performed correctly. The air 
monitoring results and visual inspections indicate that removal work can be 
performed in one area of a building without the need to close the building 
or isolate neighbouring areas if care is taken in erection of the work 
enclosure. As shown in Chapter 7 the airborne asbestos fibre levels 
immediately after removal of sprayed material are similar to or somewhat 
higher than the levels detected before the removal started. These slightly 
elevated levels are still well below the Ministry of Environment guideline 
of 0.04 fibres per millilitre and would be expected to decrease sharply 
“once any air exchange occurs when the work area is returned to normal use. 
It is essential that the work be correctly performed however. Project 8 in 
Chapter 7 is an example of the potential problems which may be caused by an 
inadequate removal job. At the completion of this project the optical 
microscope detected 0.01 fibres per milliltre and the transmission 
microscope detected 0.01 asbestos fibres (larger than 5 micrometres) per 
millilitre. Both of these readings are typical of levels after a correctly 
completed contract. This area had been inadequately cleaned however and 


large quantities of asbestos could be found on floors, equipment etc. This 
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indicates the need for a qualified visual inspection to ensure an effective 
removal project. Neither optical microscopy ~ nor transmission electron 


microscopy can be used to assure complete removal of the asbestos material. 


It has been noted by the author that the cost of the removal of sprayed 
asbestos-containing material (expressed on the basis of 1981 dollars per 
square metre of floor space) is declining rapidly in Ontario. This 
difference is most evident between the work bid (but not. yet completed) in 
the school system in 1982 versus the work performed in the school system in 
1981. Although some of this decline is due to increased competition and a 
lower profit margin for the contractors a larger part of the decrease is 
believed due to some contractors cutting corners on worker protection, area 
enclosure or clean-up. This may result in worker exposure to levels above 
the occupational standard or incomplete asbestos removal or clean-up as 
described in Chapter 7. When removal work is being performed it is 
essential that it is correctly performed. This can usually be assured by 
providing strict, competent inspection of the work, using correctly drafted 
specifications and informing the contractors prior to bidding that the 


specifications will be strictly enforced. 


The majority of this study concerned sprayed friable asbestos-containing 
material. The use of friable asbestos-containing pipe or boiler insulation 
is likely more widespread and should also be considered in any control 
programme. Until the material must be removed the type of management 
procedures described in Chapter 1 will be an effective control measure. The 
one pipe and boiler insulation removal project reported in Chapter 7 
indicated that removal of this insulation is much more difficult than the 
removal of sprayed material. When very specialized work practices are 
developed and experienced workers are used this removal work can also be 
performed without exposure of the removal workers to levels above the 


proposed Ontario occupational standards. 
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Question 6: What would these abatement projects cost Ontario building 


— eee 


owners? 


Response 6: The total area of sprayed asbestos in Ontario was estimated in 
Chapter 3 to be in the range of 900,000 m2 to 4,500,000 m2, with the most 
likely area being in the range from 1,800,000 m2 to 2,250,000 m2. The cost 
of removal of sprayed material discussed in Chapter 4 ranged from $13.72 to 
$233./8 per square metre expressed in 1981 dollars and not including the 
cost of moving or alternate space. The average cost of removal of sprayed 
material would be in the range of $50.00 to $100.00 per square metre. 
Therefore the total cost of removal of all sprayed material from Ontario 
buildings would be in the range from $45,000,000 to $450,000,000, with the 
most likely cost lying in the range $90,000,000 to $225,000,000 These 
are extremely broad ranges which are intended only to show the possible 
range of costs for discussion purposese A more accurate estimate of the 
total area of sprayed asbestos or the total cost of the removal would 
require a more detailed study. It is the author's judgement that there is 
no need to removal all sprayed material at once, but that all sprayed 
friable materials should be removed prior to building demolition if the 
object is to prevent exposure of the demolition workers and the general 
population to very elevated airborne asbestos fibre concentration. The 
total cost of the removal may therefore be spread over a number of years 
but the cost expressed in 1981 dollars will likely not significantly 
decrease if the removal work is correctly performed. Only if removal work 
can be delayed until the building is emptied for removation or demolition 


could the total cost be reduced. 


It should also be stressed that the above figures do not include the cost 

of removing asbestos-containing pipe or boiler insulation. Based solely on 
discussions with contractors and building owners it is the author's opinion 
that the total cost of the removal of this material will be the same order 


of magnitude as the removal of sprayed material. 
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Pipes WASHINGTON. D.C 2940 


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 


OFFICE OF TOXIC SUBSTANCES 


ASBESTOS EXPOSURE ASSESSMENT ALGORITHM 


The attached draft exposure assessment algorithm is 
tive EPA is considering as a method for determining 
is a significant potential for exposure to asbestos 


able asbestos-containing materials in schools. EPA 


one alterna- 
whether there 
que "to. fri- 


is conducting 


further work on this and similar schemes for assessing exposure. 


An Exposure Assessment Algorithm 


Chapter 7 "Exposure Assessment" of EPA's manual "Asbestos- 


Containing Materials in School Buildings: A Guidance Document" SEp 214 


presents eight factors which should be considered by school 
officials when determining whether a hazardous condition exists 
due to the presence of friable asbestos. The guide presented 
here in draft suggests a method for combining these factors to 
obtain an "exposure number". 


THIS EXPOSURE NUMBER IS NOT INTENDED TO STRICTLY DEFINE SPECIFIC 
CORRECTIVE ACTIONS FOR ASBESTOS EXPOSURE PROBLEMS. BUT SHOULD 
SERVE AS A GUIDE TO OFFICIAL RESPONSIBLE FOR ANALYZING THESE 
DECISIONS. 


The exposure number may be used: 

l. To determine whether corrective action can be de- 
fered or shouldbe initiated. 

2. To set priorities for decision making. The higher 
the scale number, the higher the priority. 

3. To select a corrective action. The exposure number 
when compared to the Corrective Action Scale 
indicates methods found to be appropriate in school 
exposure situations. ; 


The exposure number can not quantify a health risk. The 
intention of the exposure number is to serve as an indicator by 
which officials can determine the appropriate level of concern 
for an exposure area. It will aid in arranging problem areas in 
order of priority wherein choices can be made as to which area(s) 
should be addressed first. | | 

This guide has been prepared taking into account fiber char- 
acteristics, asbestos risk factors, and experience with schools 
exposure situations. It does not consider factors such as dura- 
tion of exposure, population characteristics, and public 
pressure. 


There are three steps in applying the guide: (1) the eight 
factors are assigned a numerical value corresponding to their 
proper description; (2) the numerical values are combined by a 
mathematical formula to produce the Exposure Number; and (3) the 
Exposure Number is compared to the Corrective Action Scale. 

These three steps should be performed for each area of the build- 
ing in which asbestos has been found. The three steps of the 
exposure guide are described below. 


Step l: Factor Score Selection 


Table I presents a list of the eight factors;f@a brief des- 
cription of the range or extent to which a particular ‘condition 
applies, and a numerical "Factor Score" corresponding to that 
description. The official making the assessment must Eirst 
select the description best fitting the situation in that area. 


Only the scores indicated can be assigned to a factor. For 
Brampie, i, “S'S and "4" are not acceptable scores fon Factor 
I: Material Condition. The scores have been intentionally 
weighted to reflect severity of the individual factors effect on 
exposure potential. 


The area to be evaluated should be any part of the school 
where the factors remain uniform. For example, an auditorium 
with both an inaccessibile ceiling. surface in the stage area and 
a very accessible and damaged surface in the audience area 
constitutes two different areas. The scores for the two areas 
may exhibit a wide variation in scale number, a diftierent 
assessment, and possibly different corrective actions. 


Step 2: Exposure Number Calculation 


The Exposure Number is derived from the Factor Scores by a 
formula. After entering the chosen Factor Scores on lines 1 
through 8 of Table II: 

42 28Sum? factorsel? through 6 and enter opposite 
SUM; 

b. Multiply Factor 7 times factor 8, and enter 
opposite PRODUCT; 

c. Multiply SUM times PRODUCT and enter opposite 
EXPOSURE NUMBER. 


This number represents the result of your assessment £or 
each area of the building. The Exposure Number must now be com- 
pared to the Corrective Action Scale, which is Step 3. 


Step 3: Comparison of Exposure Number to Corrective Action Scale 


Table III, Corrective Action Scale, presents four types of 
corrective action, 4a brief description of each, and a range of 
Exposure Numbers for which that Corrective Acton eis 
appropriate. Compare the Exposure Number derived in Step 2 to 
the ranges in Table III to determine whether action is needed. 
For example, an Exposure Number of 90 clearly indicates that the 
asbestos should be removed. An Exposure Number of 10, however, 
might suggest encapsulation or deferral of action. In this case, © 
it is necessary to further analyze the situation, perhaps to con 
sider factors such as the length of time that action could be 
deferred or development of a management plan which would 
significantly reduce potential exposure. 


Table l: Factor Description and Scores 
FACTOR ONE. CONDITION OF MATERIAL: 
The condition of the asbestos materials may indicate the 
possibility of fibers being released to the area(i.e. 


contamination) and the potential for future fiber release. An 
assessment of the condition depends upon a combination of tne 


quality of the installation, adhesion of the material to the 
underlying substrate, deterioration, vandalism and/or damage. 
This factor is comprised of three levels: 

A. NO DAMAGE: material is intact and shows no signs of 
deterioration. SCORE 0. 

Ba MODERATE DAMAGE: Visual inspection and physical contact 
indicate that the material is breaking up into layers or 
beginning to come loose from the substrate. There may 
be small areas (less than 10% of the total area) where 
the material is deteriorating. There may be signs of 
accidental or intentional damage. SCORE 2 

ae SEVERE DAMAGE: The material is non-cohesive. Pieces 
are disloged and debris in the area is evident. Parts 
of the material may be hanging from the ceilings or may 
have fallen to the floor. Inspect for severe accidental 
Or intentional damage SCORE 5. 


FACTOR TWO: WATER DAMAGE 


Water can dislodge, delaminate, and disturb friable asbestos 
materials thatsare otherwise in*good condition. Water can’ carny 
fibers as a slurry to other areas where evaporation will leave a 
collection of fibers that can become reentrained (resuspended) in 
the air. This factor is comprised of three levels: 

A. NO WATER DAMAGE: No water stains or evidence of the 
material being disturbed by water. No stains or 
buckling on the floor, ceiling or walls to indicate past 
water damage. SCORE 0 

Bs MINOR WATER DAMAGE: Small areas of the material or 
adjacent floor and/or walls show water stains and 
ceiling material may be slightly buckled. However, 
pleces have not fallen from the ceiling and the damage 
affects 10 percent or less of the material. SCORE l 

Ge MODERATE TO MAJOR WATER DAMAGE: Water has dislodged 
some of the material and caused the material to break 
away, Or become saturated with the potential to fall. 


and/or 


More than 10 percent of the material has been 
anrected!) ¥ SCORERI2ZR 


FACTOR THREE: EXPOSED SURFACE AREA 

The exposed surface area of friable material has an effect 
On potential fiber fallout levels and the possibility for contact 
and damage. A useful criterion for determining the amount of 
exposed material is whether the friable material is visible. 


Asbestos material above a suspended ceiling is not 


considered exposed unless: (1) the ceiling panels are removed for 
regular maintenance, (2) the panels are damaged (i.e. due to 
vandalism, or maintenance) (3) the space above the ceiling 


comprises an air plenum. 


Areas with louvers, grids, or other open ceiling systems 
should be considered exposed. This factor is comprised of three 
levels: 

A. MATERIAL NOT EXPOSED: (For example, all asbestos 
materials are contained behind a solid suspended ceiling 
which is very hard to open and shows no sign of 
damage. The plenum is not used for air conveyance.) 
SCORE 0 

B. TEN PERCENT OR LESS OF THE MATERIAL IS EXPOSED:(a 
susbended ceiling is opended occassionally or has 
damaged or missing panels, for example) SCORE 1 

Cee GREATER THAN 10 PERCENT OF THE MATERIAL IS EXPOSED: 
SCORE 4 


FACTOR FOUR: ACCESSIBILITY 


If the asbestos material can be reached, it is accessible 
and subject to accidental or intentional contact and damage. 
Material which is accessible (within reach) is most Vikely to be 
disturbed in the future either by accident or intentionally and, 
therefore, this factor is one of the most important indicators of 
exposure potential. 


The proximity of the friable material to heating, 
ventilation, lighting, and plumbing systems requiring maintenance 
or repair indicates accessibility. 


Also, the behavior of the student population should be 
considered in evaluating accessibility. For example, students 
involved in sport activities may accidently cause damage to the 
material on the walls and ceilings of gymnasiums. Material that 
is easily accessible is also subject to damage by vandalism. The 
presence of damage is the most obvious ~indicator for 
accessibility. 


This factor is comprised of three levels: 

A. NOT ACCESSIBLE: The material is located above a 
suspended ceiling or is concealed by ducts or piping. 
The building occupants cannot contact the material. 
Maintenance is not required for the ducts, piping tor 
electrical systems near the asbestos materials SCORE 0. 

B RARELY ACCESSIBLE: The material is contacted only during 
abnormal activity such as infrequent maintenance or 
repair. Building occupants rarely touch the material or 
throw objects against it. SCORE l. 

SS ACCESSIBLE: Material is contacted frequently due to 
routine maintenance and/or the building occupants can 
contact the material during normal activity, (during 
this activity occupants could touch and dislodge the 
material or easily throw objects against it.) SCORE 4. 


FACTOR FIVE. ACTIVITY AND MOVEMENT 


This factor combines the effects of general causes that may 
result in contact or damage to friable material. These causes 
include air movement, building vibration from machinery or any 
other source, and activity levels of students or building 
workers. This factor is also an indication of future exposure 
potential. This factor is comprised of three levels: 

A. NONE OR LOW ACTIVITY: In areas such as administrative 
offices, libraries, some classrooms, rarely used storage 
rooms, and fire exists. The population is quiet and 
non-destructive. SCORE 0 

Be MODERATE ACTIVITY: Activities that could create regular 
vibration in cafeterias, corridors, classrooms or other 
areas. This vibration could result in fibers being 
released from the material to the immediate area. 

SCORE: «1. 

Cee HIGH ACTIVITY. LEVEL: Occupants, in ee 2d fied and 
corridors are vandalous or disruptive in their 
activities. Also,all gymnasiums and rooms containing 
machinery are subject to high vibration and air movement 
levels. Areas ajacent to very high sources of vibration 
(highways, engine shops, etc.) should be scored as “high 
activity level" SCORE 2 


FACTOR SIX. AIR PLENUM OR DIRECT. AIR STREAM 


Friable asbestos-containing material within an air plenum or 
in an air stream if undisturbed, has a low potential of 
contaminating the building's environment. However, it must be 
considered since contamination may result from contact or damage 
during maintenance, repairs, renovations, or if the air stream is 
very turbulent. This factor is comprised of two levels: 

A. NO. ATR PLENUM .OR sD LRECT ALReSTREAM' PRESENT: SCORBMIOE 


Bis AIR PLENUM OR DIRECT AIR STREAM PRESENT:. SCORE 1. 

An air plenum exists when the return (or, in rare cases, 
conditioned) air leaves a room or hall through vents ina 
suspended ceiling and travels at low speed and pressure through 
the space between the actual ceiling and the suspended ceiling. 
For the purpose of scoring this factor, a plenum is present if 
asbestos material is also found in that space. A direct air 
stream is present when ducts for the heating or air conditioning 
system blow directly on asbestos material. 


FACTOR, SEVEN. . «PRIABILITY. 


These termsatrdaple isS.applicd commaterial that Cangoem 
crumbled, pulverized, or reduced to powder in the hand. In order 
to. score. the material in question be must be .couchedar sails 
asbestos-containing material can vary in degree of friability. 

The more friable the material, the greater the potential for 
asbestos fiber release and contamination. Sprayed asbestos 


! 
1 
t 


material is generally more friable that most trowelled 
materials. This factor is comprised of these levels: 


A. 


LOW FRIABILITY: material that is difficult yet possible 


to damage by hand. This would include most "trowelled" 
materials and manufactured items such as very soft 


ceiling tiles. SCORE l 


B. MODERATE FRIABILITY: Fairly easy to dislodge and crush 
or pulverize by hand. Material may be removed in small 


or large pieces. SCORE 2 


Cre HIGH FRIABILITY: The material is fluffy, spongy, or 
flaking and may have pieces hanging down. SCORE 3 


FACTOR EIGHT: ASBESTOS CONTENT 


The percentage for all types of asbestos present in a given 
sample should be added for the total asbestos content. While all 
asbestos materials present an exposure potential, those with a 
high percentage of asbestos can release more fibers. | This, factor 


is comprised of three levels: 


A. TRACE AMOUNTS TO ONE PERCENT: SCORE 
B. ONE PERCENT TO FIFTY PERCENT: SCORE 
rs FIFTY PERCENT PLUS: SCORE 


These levels of asbestos content must be 


ye 
De 
By 
derived from 


results of bulk sample analysis. Building records or assumptions 


are not reliable or acceptable 


Table II. Exposure Number Calculation 


Factor Factor? score 


1. Material Condition 


2. Water Damage + 
3. Exposed Surface Area + 
4. Accessibility + 
5. Activity and Movement | + 
6. Airn.Plenum + 


SUM) | a Sees ae oe 6 | = 


7. Percent.Contenc 


8... Foiabilicy x 


PRODUCTl, 7 Sol = 


Exposure Number = PRODUCT x SUM = 


Table III. 


EXPOSURE NUMBER RANGE 


Gers 12 


Corrective Action Scale 


CORRECTIVE ACTION 


DEFERRED ACTION 


Advantage: There is no direct cost associated 


Disadvantages: 


When Appropriate: 


When Inappropriate: 


10-50 


Advantage: 


Disadvantages: 


(1) 


(2) 


(3) 


The potential for exposure may 
increase. 


A management system is required. 
Precautions are necessary to prevent 
damage during maintenance or 
renovation. 


It is necessary to have continous 
inspection and reevaluation. 


When there is negligible exposure 


pty 


(2) 


(35) 


potential. 
When there is definite or 
questionable exposure potential. 


Continuing inspection is doubtful 


ENCAPSULATION 
It controls fiber release 


It is a rapid and economical method 


The asbestos source remains. 


If the material is damaged or 
deteriorating the additional weight 
of the sealant may cause layers of 
the material to break away from the 
underlying surface. 


A management system is required. 
Precautions are necessary to prevent 
damage during maintence or 
renovation. 


Continuing inspection and maintenance 
for damage or deterioration to 


When Appropriate: 


When Inappropriate: 


10-50 


Advantage: 


(5) 


(1) 
(24 


(30) 


Wes) 
57) 


(6) 


Bae) 
(2) 


(33) 


encapsulated surface. (i.e. future 
potential for fiber release is 
possible). 

Encapsulated material is very 
difficult to remove if it becomes 
necessary. 


When removal is not feasible 


The material still retains bonding 
integrity. 


Damage to the material is not 
probable. 


Accessibility to material is limited 


The surface in question is complex 
(i.e. pipes, lines and ducts). 


When economic or time constraints are 
present. 

When removal is feasible 

Material does not adhere well to tne 

substrate. The weight of the sealant 


may cause futher damage. | 


When the material is deteriorating or 
damaged. 


Damage to the material is probable 


Water damage or the potential Eor 
water damage is evident. 


High accessibility present 
When continuing inspection and 
maintenance of encapsulated material 
is: doubtful. 

ENCLOSURE 


It controls fiber release 


May be the most rapid, economical and 
uncomplicated method. 


Disadvantage: (1) The asbestos source remains 


(2) Fiber fall out continues behind the 
enclosure 


(3) Maybe costly if enclosure disturbs 
functions Of other systems (e.g. 
enclosure may require lighting: 
changes). 

(4) Management system required. 
Precautions necessary for entry into 
enclosure for maintenance or 
renovation. 

(5) Continuing inspection and maintenance 
of damage to enclosure system 
required. 

When Appropriate: (1) Removal is not feasible. 


(2) Disturbance or entry into enclosed 
area is not likely. 


(3) Economie sconstraints are present 


When Inappropriate: (1) Removal is feasible 


(2) Damaged or deteriorating material 
causes high level of fiber fallout. 


(3) Water damage to enclosure is likely 
(4) Entry into enclosure probable for 
repairs and maintenance. 
REMOVAL 
40 and over 
Advantage: (1) It eliminates the asbestos source 
(2) Ends the exposure and precludes the 
development of future problems. 
Disadvantages: (1) Usually the most costly, complicated 
and time consuming method. 
(2) Replacement with substitute material 


may be necessary. 


areal (lovee 


When Appropriate: 


When Inappropriate: 


Summary: 


(33) 


(1) 
(2) 


(3) 


(2) 


(-l) 


(2) 


(3!) 


G4) 


Higher potential for worker exposure 
during removal 


High exposure exists. 


Material is deteriorating, high 
accessible and has severe water 
damage. 


Open material surfaces. 


When removal is not feasible because 
of cost, location of material and 
kind of surface to which material has 
been applied (e.g. removal of 
material from complex surfaces such 
as pipes, lines and ducts). 


If exposure number is 0-12 usually 
can defer action. 


If exposure number is approximately 
40 or over removal is probably the 
best corrective action. 


If the exposure number is 10-50 and 
has high water damage or 
accessibility factor, removal is 
probable the best corrective 
procedure. 


If the exposure number is 10-50 and 
the water damage and accessibility 
factors are low, then the constraints 
(i.e. economic, time and complicated 
surfaces) need to be examined. The 
three corrective actions possible are 
incapsulation, enclosure and removal. 
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BOARD OF EDUCATION FOR THE CITY OF TORONTO 


MODIFIED FERRIS INDEX 
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The method used by the City of Toronto School Board for a comparative eval- 
uation of the risk potential between buildings involved detailing the seven 
factors shown in the table below. The method was only applied to buildings 
with friable-asbestos containing material. Each of the "Ferris Weight" 
factors was multiplied by the appropriate level of concern to give a total. 
Fifty points for each 10% increment of asbestos content were added to this. 
Finally either 250 points for chrysotile or 500 points for amosite were 
added to this to give a grand total. 


SAMPLE ASSESSMENT REPORT 
(Modified Ferris) 
School: 


Description: 
ct ee EI a ee Ee OE ae ee 
Level of Concern 


aa r Ferris Total 
ategory Weight (Multiplier) ae 
O 1 2 B 
ile OE eT See aA ae ee en ee es oe 
ee ee eee 
Friability 100 


a ee ee 
Condition 100 
2 See | NE a BIS I Bo ntcvahas dt ts el ee ee, 
Accessibility 50 
oe Ee i eg ee ee ee eee ee ee ee AE 
Air Plenum/ 

: 50 
Direct Exposure 
Be ee eee ee, We ea ee ee el eee A eee 
Activity & Movement Zo 


Weighted 50 per increment 


% asbestos of 10% asbestos content. 


Weighted Amosite - 500 
Bese SDeSrOs Chrysotile  - 250 
GRAND TOTAL 


A separate table was completed for each type of material in each building. 
Te provide a single number for each building these individual results could 
be averaged. All buildings were then ranked in descending order. 


The order of ranking was not strictly followed as other factors were con- 
sidered before a decision was made. These factors include 
: need to perform other work in the building which may disturb asbestos 
> emergency conditions created by flood or fire 
imminent determination to close a school because of falling enrolment 


: desireability of performing work as soon as possible. This results 
in work that can be dealt with when buildings are occupied or on short 


holiday breaks being performed before work which must wait for the 
summer holiday closing 
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Chapter 5 


RISK EVALUATION 


If bulk material analysis establishes that friable asbestos insulation 
material is present in samples obtained from a facility, potential expo- 
sure of occupants as well as other users of the structure should be 
assumed, requiring a thorough assessment of the magnitude of expo- 
sure. An asbestos hazard index for a given situation combines obser- 
vations and judgments about several factors and elements, as collected 
on the Asbestos FIM Evaluation Form (see pages 5-15 through 5-17), 
describing the facility and its occupancy level. Factors may act singly 
or in combination to cause environmental contamination and exposure of 
structural occupants. 

The asbestos hazard index number value of a particular asbestos 
situation can be used to decide between: (1) deferring action with 
interim control measures and planned periodic reviews of the situation 
in case of deterioration or other change; or (2) initiating action with 
interim and long term control measures, including a NAVOSH asbestos 
deficiency abatement project. The asbestos hazard index number value 
is also used to rank a number of situations in priority order from high 
to low in terms of potential health hazards. The greater the asbestos 
hazard index number value, the more severe is the hazard created by 
the friable asbestos in that building, and the more desirable it becomes 


to initiate a NAVOSH asbestos deficiency abatement project. 


NOTE 


The asbestos hazard index number pro- 
duced by this technique is designed for 
rating asbestos hazards in a relative 
fashion only and should not be _ inter- 
preted beyond these uses. 


on] 


LOGIC OF THE HAZARD INDEX 


The logic of this hazard index assessment is simple and can be 
readily explained. The potential health hazard associated with the 
presence of friable asbestos depends on the level of exposure, the 
number of persons exposed to asbestos fibers, and the duration of 
exposure. The logic of this hazard index system is portrayed graph- 


ically in Figure 5-1. 


NOTE 


"Potential hazard" for purposes of this 
document is defined as _ the _ potential 
health consequences of a hazardous situa- 
tion, including disease, death, medical 
costs, disability awards, human suffering, 
and other indirect costs and burdens. 


Level of Exposure 


The following five elements are needed to estimate the potential 
level of exposure to asbestos fibers that may be in the air in the FIM 


rooms of the building being analyzed: . 


1. FIM percent asbestos fiber, including all kinds, contents or 
concentrations as determined by bulk material laboratory anal- 
ysis (Appendix A). 


2. FIM inherent friability (the degree to which the fibrous mate- 
rial is not bonded together or sealed and therefore may poten- 
tially release fibers). 


3. FIM accessibility to occupants and frequency of maintenance or 
repair disturbance. 


4. FIM current condition of damage or deterioration causing po- 


tential friable material surface fiber release. 
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5. Level of activity in the spaces which may potentially disturb 
the FIM and cause fibers to be released into the air, causing 
potential exposure risk to occupants. Activities may also 


cause reentrainment of accumulated, settled fibers. 


Number of Assigned Occupants 


Even when exposed to relatively high concentrations of respirable 
asbestos fibers, the probability that any single individual will suffer 
any adverse health effects is extremely small. As the number of people 
exposed to a particular concentration of airborne asbestos fibers in- 
creases, however, the chance of some adverse effects also increases. 
Therefore, the asbestos hazard index number value will, of course, be 
greater for a situation where large numbers of people are exposed to 
friable asbestos material than for a situation where lesser numbers of 


people are exposed to the same fiber level. 


Occupancy Duration 


Because asbestos fibers are cumulative and not biodegradable in 
the human body, the length of time an individual is exposed to a given 
level of asbestos fibers contributes to the likelihood of adverse health 
effects. Therefore, the asbestos hazard index number value will be 
greater when the number of hours that individuals are exposed in a 


year is greater. 


ASBESTOS FIM EVALUATION FORM 


The Asbestos FIM Evaluation Form at the end of this chapter pre- 
sents a checklist for collecting information that should be used in 
evaluating asbestos hazard index number values associated with possible 
asbestos exposure, selecting an appropriate corrective action and in 
preparing a NAVOSH Asbestos Deficiency Abatement Project. Details of 


the form are presented in this chapter. 
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G25 


Level of Exposure Factors 


Material Friability (Item 1*). 


NOTE 


Friable asbestos materials are defined as 
any materials that contain more than 1% 
asbestos, by weight, and can be crum- 
bled, pulverized, or reduced to powder 
when dry, by hand pressure. 


Asbestos materials vary in degree of friability: the more friable 
the material, the greater the potential for asbestos fiber release and 
contamination. To evaluate the FIM material in question, material must 
be touched. 


NOTE 


Use proper respirator and hand protection 
(Appendix B) during the crumbling of the 
material. 


Occupant Accessibility (Item 2). If the material is vulnerable to 
human activity, or is subject to accidental or intentional contact, it 
should be considered an accessible exposure. Structure use is to be 


considered in evaluating this element. For example: 


1. FIM on a 14-foot high ceiling in office space is normally inac- 
cessible; however, the same ceiling height in a warehouse can 


be subject to contact. 


2. In a gymnasium, walls are subject to greater contact than the 


ceiling, either by sports equipment or spectators. 


3. FIM on the low ceilings of corridors and stairwells are subject 
to extensive damage from accidental or intentional contact and 


damage. 


*Item numbers refer to numbers on the Asbestos FIM Evaluation Form. 
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Material Condition (Item 3). Damage to material integrity indicates 
the extent of existing contamination and the degree of potential contami- 
nation. This element is a combination of the quality of installation, 
adhesion of the friable material to the underlying surface, cohesion of 
the insulating material itself, and material aging. Evidence of debris is 
often a good clue to the condition of material, which may vary from 
minor deterioration to widespread and severe material disintegration. 

Although water damage information is not required on the Asbestos 
FIM Evaluation Form, information should be noted and maintained for 
future use when selecting long-term control measures. Because of leaks 
or capillary action into or between the FIM and the substrate, water 
can dislodge, delaminate, and disturb asbestos materials that are other- 
wise in excellent condition. Water damage may be caused by roof leaks, 
condensation accumulating on the structural surface or within the FIM, 
or water pipe problems adjacent to the FIM or on the floor above or 


inside walls. 


Level of Activity (Item 4). If a friable material is disturbed by 
vibrations or physical contact, it is much more likely to release fibers 
into the air. Level of activity can be caused by noise vibrations, 
machinery vibration, turbulent air flows, or the physical activities of 
the occupants of the building. External noises such as aircraft, heavy 
traffic, and manufacturing may cause vibrations within the FIM 


building, greatly increasing the potential for fiber release. 


FIM Fiber Content (Item 5). The percentage for all types of 
asbestos present should be added to obtain the total asbestos content of 
the material. The percentage data can be obtained from the CEL bulk 
material analysis or petrographic microscopy analysis (Appendix A). 
When a high percentage of asbestos is present, the potential for fiber 


release increases. 


Number of Assigned Occupants (Item 7). The number of assigned 
occupants is determined by the number of persons whose activities are 


conducted on a routine basis in the rooms containing the asbestos FIM. 


G.8 


Only the assigned workshift level in rooms where FIM is located should 
be counted. If the structure is frequently used by the public, this 
element should be noted in Item 13, Structure Utilization by the Public. 


NOTE 


If FIM is present on the plenum surfaces 
and inside of return air systems, the 
total number of building occupants should 
be counted. 


Occupancy Duration (Item 8). Occupancy duration is determined 
by the length of time a particular individual is exposed to asbestos FIM 
in each 40-hour week. 


Management Special Considerations/Remarks 


Management special considerations are elements not addressed in 
the structural, occupancy factors, or activity level sections of the 
Asbestos FIM Evaluation Form. Management special considerations/ 
remarks include such factors as utility maintenance frequency, life cycle 
projection for the structure and building utilization by other than Navy 


personnel. 


Utility Maintenance Frequency (Item 10). Utility maintenance in 
the structure, particularly in rooms with asbestos FIM, can be a major 


problem. The Public Works Departments should establish work proce- 
dures for protecting personnel against potential fiber release. If main- 
tenance occurs frequently close to FIM, this factor will strongly influ- 
ence selection of corrective-action type. For example, buildings with 
communication or computer equipment have a high requirement for 
changes in configuration; thus FIM disturbance frequency is potentially 
high. 


Life Cycle Projection for Structure (Item 11). The life cycle 
projection for the building should include the following considerations: 
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Cy 


a. Future intended use 
b. Possibility of major renovation projects 


c. Possibility of closure or designating building as a limited ac- 


cess area for authorized personnel only 


If the building will be used for a substantial number of years, 
long-term corrective action should be considered, if appropriate. The 
future intended use of the structure must be considered when selecting 
corrective action. If the building is of general construction in nature, 
it may be used throughout its life cycle by several major claimants, 
therefore it may potentially require several renovations. It should be 
noted that for each instance of building renovation, the presence of FIM 
must be taken into consideration. However, if the structure is unique, 
possibility of change in use is unlikely, and the life cycle is fairly well 
fixed. 

If the structure is expendable to the command, the possibility of 
closure should be considered. However, if the building is required for 
storage, or the room is part of a penthouse or utility distribution 
system, a limited access area may be designated for authorized person- 
nel only. If either one of these types of actions (closure or limited 
access) is taken, a management system must be used. The system 
should include: 


a. Proper sign-posting of the area 
b. Protective equipment for personnel entering FIM areas 


c. A flagging system for the building maintenance record warning 
of the presence of asbestos 


Renovation Schedule (Item 12). The renovation schedule or possi- 
bility of renovation should also be considered in the management pro- 
cess. During the majority of renovations, the asbestos FIM will poten- 
tially be directly or indirectly involved. If renovation occurs fre- 


quently, this element should be taken into consideration when selecting 
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corrective action. For example, if the building has inadequate lighting 
or heating, and the FIM is left in place, the FIM will be disturbed 
during the changing of fixtures. 


Structure Utilization by the Public (Item 13). Information regard- 
ing the frequency and number of visitors to the FIM building should be 
noted. Information may be required to aid in prioritization of a 
NAVOSH asbestos deficiency abatement project. If the structure is 
frequently used by the public and vandalism is a problem, long-term 
corrective action that will prevent asbestos FIM access should be 
selected. Vandalism can create significant exposure to persons in the 
vicinity of the occurrence. 


Other Unique Characteristics (Item 14). This section of the evalu- 
ation provides space for any unique building characteristics which 
would affect the decision to submit a NAVOSH Asbestos Deficiency 
Abatement Project. 


Steps in Calculating a Hazard Index for a Building 


Information noted on the Asbestos FIM Evaluation Form is used to 
determine asbestos hazard index number values. Five steps are taken 
when calculating an asbestos hazard index number value. Note, how- 
ever, that if a building contains more than one potential asbestos- 
releasing situation or room with a significantly different problem as far 
as condition, occupancy, or kind of abatement action to be considered, 
potential hazards should be considered as separate entities. The 
method used to establish the Asbestos Hazard Index combines the Level 
of Exposure Elements and Level of Exposure Factors. Level of Expo- 
sure Factors relied on experience with the EPA's asbestos program and 
upon scientific, medical, and engineering advice. As can be seen in 
Table 5-1, ratings range from 0.0002 to 470,000. This very wide 
spread is believed by experts to represent the actual spread from the 
least dangerous to the most potentially hazardous asbestos situations 
and indicates how much difference in probability of health effects may 
exist for different building situations. 
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NOTE 


A set of statistical weights was not used 
because of the qualitative nature of input 
judgments and of the medical and engi- 
neering advice. Also, it is believed that 
many of the relationships between input 
estimates and potential exposure level are 
nonlinear and subject to differing degrees 
of variability of judgment over the many 
situations that may be observed. 


Step One. Complete Asbestos FIM Evaluation Form. Information 


should be recorded as completely as possible during the FIM evaluation. 
All applicable information should be recorded while still inside the 
building being surveyed. 


Step Two. Determine Level of Exposure Factor. The qualitative 


elements (Items 1 through 4) in combination with the asbestos content 
(Item 5) are used to produce an estimated potential asbestos level of 
exposure. Table 5-1 presents tabulated values for the four elements 
and asbestos content used for determining the level of exposure factor. 
The exposure factor should be entered in Item 6. 


Step Three. Determine Occupancy Number. Determine the number 


of persons who normally occupy FIM containing areas. 


Step Four. Determine Occupancy Duration. Determine the aver- 


age time duration of the Occupancy Number (Step Three) for a 40-hour 


week. 


Step Five. Calculate Asbestos Hazard Index. Multiply the three 


values — level of exposure, number of normal occupants, and occupancy 
duration — together, then divide by 40 (hours per week) to produce an 
asbestos hazard index number value (Item 9) for a given FIM building 
circumstance. 


Item Item Item Hazard Index 
Number (Item 9) 


6 7 8 
C+ 2 wom = (7 
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DECISIONS ON INITIATION OF ABATEMENT ACTION 


The asbestos hazard index number value for a particular building 
situation should first be used to decide whether to initiate interim 
control measures or interim and long-term control measures. Table 5-2 
presents recommended action categories in accordance with the hazard 
index number value. 

If the asbestos hazard index number value is between 100 to 
1,000, the Management Considerations/Remarks Section of the Asbestos 
FIM Evaluation Form should be reviewed to determine appropriate cor- 


rective action. 


Table 5-2. Hazard Action Guide 


Hazard Index Value 


Less Than 100 


Recommended Action Categories 


A long-term corrective measure can usually be 
deferred; however, the building should be sur- 
veyed each year for evidence of change in con- 
ditions (deterioration) or occupancy level. 
Interim control measures should be initiated 
(see Chapter 6). 


Review management special considerations/re- 
marks (Items 8-12 on the Asbestos FIM Evalua- 
tion Form), as necessary to further analyze 
the situation for action justification; defer 
unless these considerations justify long-term 
control measures. 


100 and 1,000 


Over 1,000 


NAVOSH Asbestos Deficiency Abatement Project 
for long-term control measures should be ini- 
tiated (see Chapter 6 for selecting appro- 

priate corrective measure) 


Hazard Action Guide 


It is believed that the Hazard Action Guide is a good indicator of 
current Navy judgments and policy decisions. It indicates the kind of 
asbestos hazard index number values of candidate building situations 
that will be given consideration for NAVOSH asbestos deficiency abate- 
ment project funding. 


Air Monitoring Considerations 


The level of human exposure to asbestos fibers in a situation can 
be estimated by a Navy industrial hygienist using air sampling tech- 
niques (Chapter 4 and Appendix A) that provide an actual count of the 
number of fibers per cubic centimeter (f/cc) greater than 5 um in 
length. However, air sampling itself is subject to measurement inaccu- 
racies inherent with the methodology employed. Also, it provides only 
an estimate of the actual number of fibers in the air at one moment, in 
a situation that may vary widely over the day and vary widely in the 
future months and years. Levels may vary depending on the level of 
the activities in the building, as well as changes in the building condi- 
tion (see Chapter 4 for details). 

Air monitoring should be conducted in FIM containing rooms with 
an asbestos hazard index number value above 100 to determine if any 
violation of health standards is evident. This data should be used as a 
supplement to the NAVOSH asbestos deficiency abatement project 
request. 

If air samples at any time indicate a condition where the fiber level 
exceeds 0.1 f/cc (greater than 5 pm in length), action to investigate 


the source and interim control measures should be initiated immediately. 


NAVOSH ASBESTOS DEFICIENCY ABATEMENT PROJECT 


After the identification of the friable asbestos insulating material, 
installation commanders will have to conduct an in-depth evaluation of 
data from the Asbestos FIM Evaluation Form (Figure 5-2) and air moni- 
toring surveys to determine the recommended action category. When 
appropriate, a corrective project should be developed and submitted in 
accordance with OPNAVINST 5100.23 of May 1979 and current Naval 
Facilities Engineering Command instructions on the NAVOSH deficiency 
abatement program. The latest of these instructions can be obtained 
from the Naval Energy and Environmental Support Office, Naval 
Construction Battalion Center, Port Hueneme, Calif. 93043. 
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ASBESTOS FIM 


EVALUATION FORM 


2 A ES 95981 D8 eee eh ees se eee 


UIC NUMBER OF FACILITY 


EVALUATOR . DATE 


EY ae 


Check appropriate item or write in an answer where required for appli- 
cable categories. 


Ue ae 


et eee ete pee Ree eg he eee eee eee 


LEVEL OF EXPOSURE ELEMENTS 


1. Material Friability 


Low Friability: material difficult to crumble by hand 

Moderate Friability: material fairly easy to dislodge and 
crush 

High Friability: material easily reduced to powder or 


broken by hand 
2. Occupant Accessibility 


Low Accessibility: Materials are not exposed; 
totally isolated by permanent 
barrier or accessible only 
during infrequent, occasional 
maintenance activity; no air 
flow from the FIM location to 
occupants of the building. 


Moderate Accessibility: Only a small percentage of 
material exposed; material above 
a suspended ceiling; material 
contacted only during maintenance 
or repair; material exposed, but 
not accessible to activity of 
normal occupants. 


High Accessibility: A large percentage of material 
exposed; material accessible to 


occupants or airborne transport 
during normal activities. 


Figure 5-2. Asbestos FIM Evaluation Form. 
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3. Material Condition 


Good condition: deterioration and/or damage not visible; 
or minor damage evident only in isolated areas. 


Poor Condition: Deterioration apparent; damage visible in 
more than one area; dislodged pieces evident. 


4. Level of Activity 


Low Activity: Neither routine or unusual distur- 
bances by vibrations or physical 
contact are expected. 


Moderate Activity: Moderate disturbances occur in rooms 
with vibrating machinery, high noise 
levels, or strenuous activity by 
occupants; turbulent air streams from 
ducts and vents carrying air across 
the material. 


High Activity: Heavy disturbances caused by the noise 
and vibrations associated with heavy 
manufacturing operations; regular 
movement of forklift trucks; material 
in plenum and return air systems; 
vibrations from external noise. 


5. FIM Fiber Content 
% Total asbestos 


6. Level of exposure factor (from Table 5-1) 


eee ee ee 


NUMBER OF ASSIGNED OCCUPANTS 


7. Assigned Occupancy level in FIM containing workspace. 


Number of persons 


a a ee 


OCCUPANCY DURATION 


8. Time duration of average exposure per person 


Hours per 40 hour week 


Figure 5-2. Continued. 
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9. Calculate Asbestos Hazard Index: Multiply the three values -- level 
of exposure (determined from Table 1 using Items 1-5), number of 
normal occupants (Item 7), and occupancy duration (Item 8) -- divided 


by 40 (hr/wk) to produce an asbestos Hazard Index Number. 


Item Item Item Hazard Index 
Number 


6 7 ; 8 
Co» ED) « oem « 


MANAGEMENT SPECIAL CONSIDERATIONS/REMARKS 


10. Utility maintenance frequency. 


Se ee ee 


11. Life cycle projection for structure. 


a 5 


12. Renovation schedule. 


ee ee 


13. Structure utilization by the public. 


oy ee ee 


14. Other unique characteristics. 


oe er ee 


Figure 5-2. Continued. 
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ASBESTOS THERMAL INSULATION 
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FOREWORD 


Occupational Safety and Health Administration (OSHA) Standards 
imposed on the Navy by Executive Order 11612 and 11807, followed by 
OPNAVINST 5100.8C and 6240.30, require implementation of health and 
safety methods for Naval personnel. OSHA Standard 1910.1001 and 
OPNAVINST 6260.1A are concerned with the control of asbestos emissions 
for the protection of personnel and the environment. 

OSHA regulations must be adhered to by all Federal agencies. Work 
performed by Public Works Departments or by private contractors aboard 
Naval installations must comply with these regulations. 


vi 
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INTRODUCTION 


The Civil Engineering Laboratory (CEL) has been tasked by the Naval 
Facilities Engineering Command (NAVFAC) to develop guidance on appropriate 
practices for cleaning workplaces that have significant amounts of 
asbestos-containing thermal insulation. Many types of asbestos insulation 
products have been used in Navy construction in a variety of steam and 
hot water systems. The diversity and various states of maintenance have 
led to concern in determining appropriate practices for facility hygiene. 
Also, when the new Environmental Protection Agency (EPA) and Occupational 
Safety and Health Administration (OSHA) regulations came into force, the 
protection of workers from industrial disease became a statutory obliga- 
tion wherever asbestos materials are used in such a way as to give rise 
to the emission of dust dangerous to the health of employees. These 
regulations have placed new burdens on facility and safety managers to 
insure proper practices for removing accumulated hazardous asbestos dust 
and achieving satisfactory working conditions. 

This technical note is one of a series of documents prepared by CEL 
on asbestos construction products at Naval Shore Facilities. The primary 
guidance document is the Management Procedure for Assessment of Friable 
Asbestos Insulating Products (Ref 1). The information assembled in this 
investigation was developed through a search of pertinent literature and 
through contacts with EPA. This type of information is essential to 
facility and safety managers to insure regulation compliance and cost- 
effective operations. Also, it provides a basis for decisions regarding 
the direction of further development in this area. Supplementary technical 
notes to this guidance document will be prepared on subjects related to 
asbestos-containing products, such as encapsulation methods, thermal 
pipe insulation maintenance procedures, applied insulation demolition 
techniques, and handling and disposal of asbestos-containing waste. 


BACKGROUND 


Asbestos is a general term used to describe several fibrous hydrated 
silicate minerals known for their high tensile strength, high flexibility, 
durability, and heat and chemical resistance. Only six of these asbesti- 
form silicates -- chrysotile, amosite, crocidolite, tremolite, anthophyl- 
lite, and actinolite -- are of major commercial importance. In the past 
decade, there has been an increasing awareness of the significance of 
environmental contamination as a cause of disease. The physical charac- 
teristics of asbestos fibers and the widespread and varied uses of 
asbestos-containing products have caused concern for human exposure 
within buildings that contain such material. The hazard potential from 
such exposure for the population involved may be relatively high. 

Because of widespread use and ease of fiber dissemination, asbestos- 
containing thermal insulation can be considered one of the most Signifi- 
cant sources of asbestos fibers in the indoor environment. 


DieS 


The potential for fibers to enter the workspace environment depends 
upon type of construction material, structural form, and building use. 
Fiber dissemination is a function of the frequency and amount of energy 
delivered to the asbestos-containing material, normally through the 
generation of air currents and mechanical agitation. 

Relevant characteristics of asbestos fibers include durability and 
high aerodynamic capability, both of which directly influence the proba- 
bility for long-term contact. Once in the workspace, the fibers exhibit 
low settling velocities, remaining in the inhalation contact zone for 
long periods of time. As calculated from settling curves generated 
specifically for asbestos fibers, a 1.0 wm fiber with a 5:1 aspect 
ratro.ifalling ‘frem 3 mefers with variable axis attitude, will exhibit a 
settling velocity of 10 cm/sec and remain airborne for over 80 hours. 
Furthermore, settled fibers have aerodynamic capability and may experience 
reentrainment cycles if disturbed. Such fibers contained within work- 
spaces can repeatedly present an exposure situation and an opportunity 
for inhalation or ingestion. 


ENVIRONMENTAL MONITORING 


Airborne asbestos dust is usually monitored for one of three reasons. 
First, large numbers of samples are taken to check compliance with 
legislation with regard to persons involved directly in asbestos control 
measures. Second, determinations are made regarding the efficacy of 
engineering dust suppression measures. Last, the asbestos is monitored 
for epidemiologic purposes. Therefore, air monitoring is used to estimate 
concentration levels of airborne fiber before, during, and after facility 
hygiene operations. The federal government requires monitoring of 
employee exposure to determine whether each employee's exposure to 
asbestos fibers is below the current limits. 

Sampling and analysis for airborne asbestos may establish the 
existence of asbestos contamination (see Reference 1 for details). An 
adequate study of airborne contamination requires sampling during various 
indoor activities and sampling of outside or community ambient levels, 
with inclusion of control samples. Sampling within a structure under 
only quiet conditions may be particularly misleading because asbestos 
fibers usually become airborne as a result of disturbance through human 
activity. Direct monitoring of persons engaged in these activities will 
best define potential exposures. 


MAINTENANCE OF THERMAL INSULATION 


In facilities with asbestos-containing thermal insulation, all 
machinery, equipment, and internal surfaces of the building should be 
kept, so far as is practicable, in a clean state and free from asbestos 
waste and dust. Scheduled preventive maintenance and inspection of 
thermal insulating systems should be conducted at least once a year, but 
preferably at 6-month intervals. Reliability of the piping system and 
trouble-free service life can be increased by such scheduling. Preventive 
maintenance also insures maximum thermal conservation. ; 


Another aspect of the preventive maintenance inspection is locating 
pipe insulation damage, which is a potential source of asbestos fiber 
release and subsequent exposure of workers. Fiber release is dependent 
on the extent of damage, the incidence of repeated disturbance, and 
available air currents or turbulence to carry the hazardous fibers into 
the respirable (breathing) zone. It should be noted that when thermal 
pipe insulation, including asbestos-containing insulation, is properly 
maintained and lagged, there is no danger of fiber release. 

All damaged thermal insulation should be repaired before the 
facility's hygiene operation begins (see Reference 1 for details). 
Proper maintenance will protect the insulation from further damage and 
will also prevent fiber disturbance during the cleaning operation. 


SAFETY PROCEDURES FOR PERSONNEL PROTECTION 


Safety and health requirements for conforming with OSHA, EPA, and 
Navy regulations must be complied with according to exposure levels when 
work is to be accomplished by Navy personnel, civilian personnel, or 
outside contractors. To insure personnel are not being exposed to 
asbestos fiber levels, protective equipment must be worn. 

Any respirator used must be approved for protection against exposure 
to asbestos by the Mine Safety and Health Administration (MSHA, formerly 
MESA) or the National Institute for Occupational Safety and Health 
(NIOSH). For facility hygiene operations (i.e., nonrip-out asbestos 
operations), the type of respirator is determined by the asbestos fiber 
concentration in the breathing zone during worst case conditions. 
Generally, reusable or disposable single-use air purifying respirators 
will provide the required protection. 

Disposable headcovers and shoe covers, coveralls (or a disposable 
sock suit constructed of TWEK or other similar material documented to be 
of equivalent resistance to penetration of asbestos), gloves, and goggles 
are generally recommended. 

For additional guidance, the cognizant safety specialist or indus- 
trial hygienist should be consulted. 


RECOMMENDED HYGIENE PROCEDURES 


Procedures for facility hygiene operations have been described by 
the Asbestos Research Council (Ref 2). Their recommendations include 
the following. 


Floors 


Contamination of working areas from accumulation of waste material 
on floors must be avoided by regularly cleaning with,a dustless method. 
The first choice of a dustless method for cleaning would be by vacuum, 
either from a fixed source or a mobile unit. Alternative methods would 
include thorough damp mopping of the floor or the use of chemical- 
impregnated mops. 


Walls 


Annual cleaning of the walls should be sufficient. Walls may be 
Cleaned either by vacuuming or by washing down using amended water. 


Machinery and Equipment 


The method to be used for cleaning equipment depends on the degree 
of contamination, the type of material, and whether the material is 
contaminated with oil or water. It is preferable to use vacuum cleaners, 
either of the fixed or mobile type, with suitable extension leads. 
Inaccessible parts of the equipment may be cleaned out with chemical- 
impregnated brushes or cloths and then vacuum equipment used to collect 
the material so removed. 


Overhead 


The most difficult cleaning operation that has to be undertaken on 
a regular basis in any facility with significant asbestos materials is 
overhead cleaning in high buildings. The frequency of cleaning overhead 
Structures will vary significantly from one facility to another. As a 
general guide, overhead structures should be cleaned once a year or when 
asbestos dust has accumulated. : 

Ideally, either permanent or mobile lightweight staging would be 
used by the cleaners to reach the areas that are inaccessible from 
ground level. Where there are no obstructions at ground level, tele- 
scoping equipment would be suitable. 

If an area could possibly contain dust, it should be removed by 
vacuuming, using extension hoses where necessary. Some places may, 
however, be inaccessible or the accumulation of dust be tenacious; in 
these cases, it will be necessary to resort to hand brushing with chemical- 
impregnated equipment. 

Where dustless methods of cleaning are not practicable, protective 
clothing and approved respirators must be worn by all personnel present 
in the building. It is recommended that such protective clothing and 
respirators be worn by all personnel engaged in overhead cleaning regard- 
less of the method used. 

Equipment located beneath an overhead cleaning area should be 
covered with plastic sheets, so far as is practicable, in order to 
simplify the subsequent general cleaning of the area. 

Since overhead cleaning may only be possible when work is stopped, 
cleaning may have to be scheduled for weekends. Night cleaning is not 
recommended because the area being cleaned is above the level of the 
light fixtures and, therefore, the lighting is usually inadequate. 
Cleaning may be undertaken by contract cleaners. However, the nature of 
the hazard must be made clear to the contractor, and the contractor must 
comply with all regulations. 


RECOMMENDED CLEANING METHODS 


All necessary cleaning must be by vacuum or by wet or chemical 
cleaning, since dry sweeping and similar procedures create more, rather 
than fewer, dust problems. Under NO circumstances should compressed air 
cleaning be used. 
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Vacuum 


Vacuum equipment intended for collecting asbestos dust and waste, 
or for normal cleaning operations, must be so designed that the asbestos 
dust cannot escape from the equipment back into the workplace. With 
portable equipment, the collecting unit is located in the area where the 
cleaning is taking place; therefore, the filter must be of such efficiency 
as to prevent the escape of asbestos dust. 

High efficiency particulate air (HEPA) filtered vacuum cleaners or 
vacuum systems with appropriate asbestos filters that are in accordance 
with the American Conference of Governmental Industrial Hygienists 
(ACGIH) Ventilation Manual or the American National Standard Fundamentals 
Governing the Design and Operation of Local Exhaust Systems, ANSI 29.2-1971 
are required by regulations. 

There are two forms of vacuum cleaning units that can be used in 
the friable asbestos-containing facilities. One is a portable industrial 
vacuum cleaner that uses filter bags. The filtered air is returned to 
the working environment. The other system is a central vacuum cleaning 
setup that consists of a central suction and filtration unit from which 
ducts run to those parts of the facility in which vacuum cleaning is 
necessary. The first type of vacuum cleaning is adequate where an 
extensive facility hygiene operation is used at irregular and infrequent 
intervals. 

In facility hygiene operations, it is very likely that dust will 
re-enter the air while changing HEPA filters in vacuum cleaning devices. 
Recommended procedures for handling these types of asbestos-contaminated 
material include the following: 


1. Appropriate respirators and protective clothing must be 
used during all exposures to the fine dust found in vacuum 
equipment. 


2. HEPA filters for the vacuum system should be disposable. 


3. Water will cause damage to an HEPA filter. If a filter is 
going to be exposed to moisture, a prefilter dryer is required. 


4. Asbestos-contaminated filters should be sealed in airtight 
6-mil plastic bags. 


5. Warning labels must be affixed to plastic bags containing 
asbestos waste, and they shall state the following warning: 


CAUTION 
DO NOT OPEN 
CONTAINS ASBESTOS FIBERS 
AVOID CREATING DUST 
_BREATHING ASBESTOS DUST MAY CAUSE 
SERIOUS BODILY HARM 


6. Asbestos waste must be dumped in state-approved sanitary 
landfill sites. 


In the event the internal parts of the vacuum system become contam- 
inated (other than filters), the unit should be removed from the work- 
place, preferably into the open air. The operator, equipped with approved 


Dig 


respiratory protection and protective clothing, should remove the collected 
material and place it into an impermeable plastic bag. Any material 
spilled into the body of the equipment should be carefully collected, 
preferably by using another vacuum cleaner. However, if this is not 
possible, the material should be removed by hand using a damp cloth. The 
contaminated cloth should be disposed of along with the asbestos waste 
material. 


Amended Water 


Wet cleaning methods considerably reduce the possibility of dust 
reentrainment. Under most circumstances, the effectiveness of wetting 
can be greatly enhanced by a wetting agent (Ref 1), thus reducing the 
amount of water required in the cleaning operation. When a wetting 
agent is added, it alters the surface tension of water, and, as a result, 
dust can penetrate into a droplet rather than just adhering to its 
surface, and fine particles are more easily cemented into large ageglom- 
erates (Ref 3). Thus, dust capture capability can often be increased 
many times. Portable pump equipment has been employed to clean large 
surface areas; however, the treated water could possibly bypass certain 
types of seals within this type of equipment. 

Manufacturers and distributors of commercially available wetting 
agents* are listed as follows: 


Aquatrols Corp. of America Leffingwell Chemical Co. 
1400 Suckle Highway Box 188 


Pennsauken, NJ 08110 


Occidental Chemical Co. 


Institutional Division 
Box 198 
Lathrop, CA 95330 


Target Chemical Co. 
1280 N. 10th St. 
San Jose, CA 95112 


Brea, CA 92921 


Rohm and Haas Co. 
Ag. Chemical Dept. 
Independence Mall 
W. Philadelphia, PA 19105 


Thompson-Hayward Chemical Co. 
Box 2383 
Kansas City, KS 66110 


Vineland Chemical Co. 
Box 745 
Vineland, NJ 08360 


Amended water may cause flash rusting on ferrous surfaces. In 
these cases, repainting is in order. The wet cleaning procedure requires, 
of course, some attention to electrical safety and other operational 
problems associated with water in the presence of machinery and equipment. 
Care must be taken for properly disposing of the wastewater so that 
a hazard is not created through the drying of surfaces where asbestos 
fibers accumulated during the wash down. The invisible fibers carried 
by water droplets can become reentrained in the work space once the 
water has evaporated. Asbestos fibers would tend to concentrate in 
bilges, pipe trenches, and sumps unless these areas were thoroughly 
flushed of residue material. 


*This information should not be construed as a product endorsement 
by the Navy. 
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Currently there is not an Environmental Protection Agency criterion 
on asbestos fibers released into receiving bodies, fresh water or salt- 
water. , 

Some of the problems concerning fiber reentrainment from dry sur- 
faces could be reduced if the fibers being washed down bilges and trenches 
were collected in sumps or bilge collection points. The wastewater from 
these collection points should be disposed of in a trench within state- 
approved sanitary landfills. The trench should be covered with an 
asbestos-free material before the water evaporates. 


Chemical-Impregnated Equipment 


Chemically treated cleaning equipment can be used for routine 
cleaning but should not be considered for initial or annual facility 
hygiene operations. The processing of this type of cleaning equipment 
requires special handling, and the management at the processing establish- 
ment must be informed of the potential contamination of the equipment by 
asbestos fibers. 


RECOMMENDATIONS 


Further investigation into asbestos-containing products is required 
to clarify the extent of fiber release, conditions under which it occurs, 
and procedures for controlling its release. 

With the vast diversity of existing asbestos-containing thermal 
insulation products and the difficulties of assessment in the field, a 
device for rapid detection and assessment should be developed as stricter 
regulations are implemented by OSHA. A standardized coding system for 
labeling asbestos-containing products or asbestos-free products should 
be considered for shore activities as well as a flagging system for 
Public Works Department maintenance files. 
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Asbestos Pipe ane ~~ Section 12571 
Covering Removal Page 1 
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SPEC_NOTEs: ene intent Of this: Section is to 
provide a basis for project specification for 
partial or complete removal of material containing 
asbestos fibres, due to alterations or additions on 
Minor Works contracts. Pipe covering removal is 
described. in this Section as most common 
requirement, but with proper adjustment this 
Section may be used to include removal of other 
items such .as3 boiler covering, encapsulated 
fireproofing, etc. Note that special procedure 
must be specified if asbestos pipe covering removal 


occurs above suspended ceilings. For large. 


projects . where asbestos removal, sealing or 
enclosure is required, use Section 13570. 


«1 Pipe Recovering: Section [ 


pe tee) 


ol { Where new piping connects to existing 


‘asbestos covered pipe, remove covering 
adjacent "to areas of y2conn ection:;} [Remove 
entire asbestos pipe covering in 


be eae J+ J 


ont Comply with Federal, Provincial and local 
requirements pertaining to asbestos, provided. 
that in any case of conflict among those 
requirements or with these specifications the 
more stringent requirements shall apply. 


a) Do not allow smoking, eating, drinking, gum or 
tobacco chewing or presence of ingestible 
material in work area. 


-2 Do not allow entry to work area by 


unauthorized persons or by workers without 
protective clothing, eye protection, hard hat 
and respirators. 


3 Remove protective clothing and equipment and 
wash hands and face before leaving work area 
for any reason. Leave protective clothing ard 
equipment in work area when not in use. 
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PwC, Ont. Req, Minor Works, Rev. 81-08-20. 2200 
[ ] Asbestos Pipe Secticn (13571 
| Covering Removal Page 2 
5 Material and -1 £Protective clothing, coveralls, hoods, qloves 4 
Egui pment _ and boots: disposable type. 4 
<2 Respirators: types acceptable to Labour 4 


Canada or Previncial Labour Department -and | 
suitable for asbestos exposure. If fitted § 
with disposable filters only Type H, Type S or 
Type F filters shall be used or chemical 
cartridge approved for use in areas 5 
contaminated with asbestos dust and mist. 


Sy) Signs: Helvetica Medium type letters,:upper g 
case: “CAUTION, ASBESTOS HAZARD AREA" (25 ss) 
mm), NO UNAUTHORIZED ENTRY" (19 mm)), "WEAR 
ASSIGNED PROTECTIVE EQUIPMENT (19 mm) » 
“BREATHING ASBESTOS DUST MAY CAUSE SERIOUS 5 
BODILY HARM® (7 mm) - 


24 Polyethylene: 0.15 mm thick minimum, in large 5 
sheet sizes to minimize joints. 5 
eye Tape: fiberglass type duct tape, self- 6 
adhering for wet and dry conditions. 6 
26 Sprayers: garden reservoir type, low 6 


velocity, capable of producing mist or ‘cine 
spray, with hypodermic type nozzle “ten 6 
penetration through outer covering jackets. 


of Wetting agent: 50% polyoxyethylene ester and 6 
50% polyoxyethylene ether or other non-ionic 6 
surfactant proved to be effective in adding 
wetting of asbestos. 6 

28 Waste bags: 0.15 mm minimum thickness 7 

' polyethylene. 


29 Waste receptors: 200 L capacity. metal or 7 
fibre drums with tight lids, lakelled in 7 
Helvetica Medium type letters, upper case: 
"CAUTION, CONTAINS ASBESTOS FIBRES" (25 mm) FT 


"DO NOT MISHANDLE* (19 mm), "BREATHING 
ASBESTOS DUST MAY CAUSE SERIOUS BODILY HARM" 
(7 mm). 


210 H.E.P.A. vacuum: (High Efficiercy Particulate. @ 
Absolute) filtered vacuum equipment with a 
filter system capable of collecting and T 
retaining asbestus fibres at 99.97% efficiency 


for fibres 0.2 microns or larger. 8 
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- Freparation _ 


]__Removal_ 


-1 


Conduct preparation and removal of asbestos 
after office hours. Close off work area. 


SPEC_NOTE: Delete .1 if building not occupied or 


if occupants evacuated from areas adjacent to work 
activities. 


22 


Cover with polyethylene, floor and equipment 
below and within a 4 m radius of asbestos to 
be removed. Turn-up edges ard tape all 
joints. 


Shut down air circulation system within work 
area. 


Clothe workers entering work area with 
complete disposable protective clothing, eye 
protection, hard hat and properly fitted 
respirator. Wash respirator thoroughly and 
install clean filters before each reuse. 


Instruct workers or: necessary safety 


‘procedures and protective measures. 


Install safety signs around restricted areas. 


Vacuum or wash pipe covering surfaces. 


Insert hypodermic nozzle through outer cover. 


of pipe and wet asbestos with water containing 
1.25 kg/m3 of wetting agent. 


Remove wetted asbestos material and covering 
jackets in small sections and immediately 
place in double waste bags. Maintain. asbestos 


in wet condition during removal operation. 


seal bags tightly. 


Clean surfaces exposed by asbestos removal 


with wire brush and wet sponge. 


Immediately after removal of asbestos vacuum 


all surfaces within work area, includirg 
polyethylene covering, using H.E.P.A. filtered 
vacuum equipment. If H-E.P.A.~ vacuum 


equipment is not available, use cloths, mops 
Or sporges, dampened with water. Ensure that 
surfaces are kept free of wet sludge which 
after drying could release asbestos dust into 
the atmosphere. DO not use’ vacuum equipment 
other than H.E.P.A. equipment with high 
efficiency filters. 
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7. Removal 
{Contld) Stages. 260 


8 Disposal 


- 10 - 


Remove polyethylene floor covering, fold 
inward and place in double waste bags. Seal 
bags tightly. 


Place cloths, mops, sponges, rags, wire 
brushes, disposable filters and protective 
clothing in double waste bags. Seal bags 
tightly. 


Deposit filled waste bags in waste receptors. 
Seal waste receptors tightly with tapes. 


Repeat vacuuming of all surfaces within work 
area including waste receptors, reusable 
equipment used to perform the work, shoes, and 
soles of shoes. 


Thoroughly wash respirators, eye protection, 
hard hats, hards and face. 


Deliver and deposit waste receptors in 
accordance with regulations set by 
environmental regulatory authorities. 
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SPEC_NOTE: The intent of this Section is to 
provide a basis for a project specification for 
asbestos removal, sealing, or enclosure. These 
procedures may be required separately or in 
combination depending on the particular project. 


‘SPEC NOTE: This Section is not intended to apply 


to asbestos abatement during routine inspection and 
maintenance, and during minor alteration work; for 
abatement procedures applicable to these 
activities, refer to Public Works Canada Property 
Administration Branch Directive covering "Safe 
Practices and Procedures for the Protection of 
Workmen and Building Occupants During Routine 
Inspection and Maintenance Services or During Minor 
Alteration Work where Coatings or Coverings 
Containing Asbestos Fibres are Encountered". 


SPEC NOTE: Current regulations relate to 
occupational exposures only and are not sufficient 
- for contracting purposes. Therefore it is 
absolutely necessary to prepare explicit 
specifications. 


Berd 


DRAFT 


SPEC_NOTE: General requirements applicable to the 
project as a whole are not specified in this 
section and must be specified in Division 1. These 
include Description of Work, Work Schedule, 
Contractors Use of Site, Security Program, Partial 
Occupancy, Project Meetings, Site Signs and Notices 
(warning signs), Photographs, Temporary Facilities 
and Safety Measures (other than as specified in 
this section), general building cleanup, and the 
like. Review GMS/NMS Division 1 and modify to 
suit. Similarly other work necessitated by 
asbestos abatement but which can be performed in 
clean areas or after decontamination of work areas 
must be specified elsewhere (suspended ceilings, 
re-fireproofing, painting, © electrical and 
mechanical work). IT IS RECOMMENDED THAT ASBESTOS 
ABATEMENT, AND RELATED WORK SUCH AS THAT MENTIONED 
ABOVE, BE CARRIED OUT UNDER A SINGLE CONTRACT. 
THIS PERMITS CONTROL OVER THE FROJECT ANC 
FACILITATES SAFE PRACTICE. 


SPEC NOTE: The wording of this Section must be 
edited to suit the particular project. Wording 
must be added or deleted in accordance with the 
normal editing process; square brackets jndicate 
that a choice of wording must be made, or that 
missing information must be provided. 
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1,2 Definitions ___ 
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Sealing 


SPEC _NOTE: Identify precisely, pref ably by means 


of drawings, the extent of removal, 


and enclosure of spray or trowel applied asbestos- 
containing material. 


1 


o2 


3 


e1 


22 


Remove as specified all spray or trowel 
applied asbestos-containing material located 
{as indicated on drawings] [at the site] 
{ Jexcept where removal is considered 
impracticable by the Engineer. 


Seal as specified all spray or trowel applied 
asbestos-containing material located [as 
indicated on drawings) [at the site] [where 
removal is considered by the Engineer to be 
impracticable [ }- 


Enclose as specified all sprayed-on asbestos- 
containing material located (Las indicated on 
drawings] [at the site] [ }. 


HEPA vacuum: High Efficiency Particulate 
Absolute filtered vacuum equipment acceptable 


to Health and Welfare Canada. 


Polyethylene sheeting sealed with ‘tape: 
polyethylene sheeting of thickness specified 
sealed with tape aleng all edges, around 
penetrating objects, over cuts and tears, and 
elsewhere as required to provide a continuous 
polyethylene membrane to protect underlying 
surfaces from water damage or damage by 
sealants, and to prevent escape of asbestos 
fibres through the sheeting into a clean area. 


Authorized visitor: the Engineer or his 
approved representative, Ke jand persons 
representing regulatory agencies. 


Work Areas: where the actual {removal } {and} 
(sealing) [and] {enclosure] of spray or trowel 
applied asbestos containing materials take{s] 
place. 
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1.3 Regulatory 21 Comply with Federal, Provincial, and local 78 


Agencies requirements pertaining to asbestos, provided 
that in any case of conflict among those 79 
requirements or with these specifications the 
more stringent requirement shall apply. 80 


1.4 Submittals onl Before commencing work: 84 


o1 Obtain from the appropriate agency and 86 
submit to the Engineer all necessary permits 
for transporting and disposal of asbestos 87 


waste. 
SPEC NOTE: Delete 1.4.1.1 if removal does not 89 
apply. 90 


o2 Submit proof Satisfactory to Engineer 92 
that all employees have had instruction on the 
hazards of asbestos exposure, on respirator 93 
use, on dress, use of showers, entry and exit 
from work areas, and all aspects of work 94 
procedures and protective measures. 

3 Submit layout of proposed enclosures for 97 


approval. 
SPEC NOTE: Use 1.4.1.3 if the Contractor is 99 


responsible for layout of enclosures. ie is 100 
preferable, however, to define enclosures in the 


contract. 
4 Submit documentation including test 102 
results for sealer proposed for use. 103 
SPEC NOTE: Delete 1.4.1.4 if sealing does not 105 
apply. 106 
1.5 Existing o1 Results of tests of asbestos-containing 111 
Conditions Ritt materials taken from surfaces within the scope 
of this project are [available for inspection 112 
at [ ]] [bound into this specification at 
the end of this section]. These are for 114 
general inf ormation only and are not 
necessarily representative of all asbestos 
containing materials contained within the 115 
scope of this project. 
1.6 worker 1 Instructions: Before commencing werk instruct 119 
Protection ae workers in use of respirators, dress, showers, 


entry and exit from work areas, and all 120 
x aspects of work procedures and protective 
srk measures, 


DRAFT 
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1.6 worker od Respirators: Provide workers with personally 122 
Protection issued and marked respiratory equipment 
(Cont'd) atceptable to Labour Canada or provincial Pe 


labour department as suitable for the asbestos 
exposure in the work area. If disposable type 125 
filters are used provide sufficient filters so 

that workers can install new filters following 
disposal of used filters and before reentering 126 
contaminated areas. 


°3 Protective Clothing: Provide workers with full 128 
body disposable type coveralls. Provide other 129 
body protection required under applicable 
safety regulations. 


24 Each worker shall: 131 
Pe | Remove street clothes in the clean change 133 
room and put on respirator with new filters, 
disposable coveralls and head covers before 134 
entering the equipment and access areas or the 
work area. 135 
e2 Remove gross contamination from clothing 137 
before leaving the work area then proceed to 
the equipment and access area and remove all 138 
clothing except respirators. Still wearing 139 
the respirator proceed naked to the showers. 

Clean the outside of the respirator with soap . 140 
and water while showering; remove the 
respirator; remove filters and wet them and 
@ispose of filters in the container provided 141 
for the purpose; and wash and rinse the insiie 

of the respirator. When not in use in the 142 
work area, store work footwear in the 
equipment and access area. Upon completion uf 143 
asbestos abatement, dispose of footwear «as 
contaminated waste or clean thoroughly insi-le 

and out using soap and water before removing 144 
from work area or from equipment and access 

area. Place contaminated worksuits in 145 
receptacles for disposal with other asbestss 
contaiminated materials. 

3 Following showering and drying off, 147 
proceed to the clean change room and dress in 
street clothes at the end of each day's work, 148 
or in clean coveralls before eating, smoking, 
drinking, or reentering the work area. 149 
4 Enter the unloading room from outside Be 
dressed in clean coveralls to remove drums and 
equipment from the holding room of the drum 

and equipment decontamination enclosure 152 
system. No worker shall use this system as a 153 
means to leave or enter the work area. 
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1.6 worker 
Protection 


(Cont'd) 


1.7 Visitor 


Protection 


1.8 Notification 


PART 2 = PRODUCTS 


2-1 Materials 
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5 Workers shall not eat, drink, smcke or chew 
gum or tobacco at the work site excpet in the 
established clean room. 


Pa) Workers shall be fully protected with 
respirators and protective clothing during 
preparation of system of enclosures prior to 
commencing actual asbestos abatement. 


| Provide protection clothing and arproved 
respirators to authorized visitors EO work 
areas. 


oa Instruct authorized visitors in the use of 
protective clothing and respirators. 


23 Instruct authorized visitors in proper 
procedures to be followed in entering into and 
exiting from work areas. 


| Not later than (ten] days before commencing 
work on this project notify the fclliowing in 
writing. 
| The appropriate Regional or Zone Director 
of the Medical Services Branch, Health and 
Welfare Canada. 
-2 The Regional Office of Labour Canada. 
3 The Provincial Department of Labour. 


SPEC_NOTE: Include notification of all agencies 
with involvement in asbestos abatement. 


SPEC_NOTE}s Include materials required fOz 
enclosing asbestos surfaces af enclosure is 
specified. 


| Polyethylene: in 0.15 mm minimum thickness 
unless otherwise specified; in sheet size to 
minimize joints. 


22 Tape; fiberglass type duct tape suitable for 


sealing polyethylene under both wet conditions 
using amended water, and dry conditions. 
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2.1 Materials 
CONG Ge ees 


3 Wetting agent: 50% polyoxyethylene ester and 
50% polyoxyethylene ether mixed with water in 
a concentration to provide adequate 
penetration. 


24 Asbestos waste receptors: 200 L capacity metal 
or fibre drums with tightly fitting lids and 
0.15 mm minimum thickness sealable 
polyethylene liners. Drums shall be labelled 
dn accordance with Occupational Safety and 
Health Administration, United States 
Department of Labour, (OSHA) Asbestos 
Regulations (29 CFR 1910.1001).- Labelling 
shall be in both official languages. 


5 Sealers: {bridging ] {penetrating ] type 
approved by the [Dominion Fire Commissioner } 
having the following characteristics [____]. 

§PEC NOTE: Specify particular characteristics 

where a more restrictive requirement applies. 

Sealers on the DFC list have been examined 


principally from the point of view of fire; some, 


x 


JRAFT 


such as latex paint, have extremely limited use for 
asbestos control. There are currently ASTM and 
CGSB committees working on standards for asbestos 
sealers, but as of 20 November 1980, no standards 
exist. Thus it is difficult to specify a sealer 
for asbestos control with confidence. EPA have 
available useful information on sealers, based on 
tests performed for them by Battelle Columbus 
Laboratories. This information should be studied 
before specifying a sealer. 


26 Sprayed fireproofing: UIC labelled and listed 
' asbestos-free mineral fibre +o grovide the 
degree of fire or thermal protection required 
by current NBC standards. 
SPEC_NOTE: Use 2.1.6 when repairs are required to 
existing sprayed-on material prior to sealing or 
enclosing. When complete removal of existing 
sprayed-on material is specified, use GMS/NMS 
Section 09841 “Sprayed Fireproofing" to specify 
replacement material. 
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SPEC NOTE: I¢ decontamination systems enclcsures, 
barrier systems, are not indicated cn drawings, 

the Contractor should be requested to provide a 

proposed layout under 1.4.3 of this section. 


of Work Areas: 

21 Isolate air handling and ventilation 

systems to prevent contamination and fibre 

dispersal to other areas -of the building 
d@uring the work phase. : 

o2 Preclean moveable objects [and carpeting } 

within the proposed work areas using HEPA 

vacuum and remove such objects from work areas 
to a temporary location in [ }- 

SPEC NOTE: Prior to commencing work moveable 
objects and carpeting should be removed from work 
areaS. Use 3.1.1.2 if Contractor is responsible 
for this work. Jf any moveable object is to remain 
in work areas indicate, and specify protection, 
under 3.1.1.3. 

te Preclean fixed casework, plant, and 

équipment within the proposed work areas, 
using HEPA yacuum and cover with polyethylene 
sheeting sealed with tape. 
4 Clean the proposed work areas using, 
where practicable, HEPA vacuum cleaning 
equipment. If not practicable, use a wet 
cleaning method. Do not use methods that 
raige dust, such as dry sweeping, cr vacuuming 
using other than HEPA vacuum equipment. 
235 Seal off all openings such as corridors, 
doorways, windows, skylights, ducts, grilles, 
and diffusers, with polyethylene sheeting 
sealed with tape. 
06 Cover floor and wall surfaces with 
polyethylene sheeting sealed with tape. [Use 
two layers of polyethylene on floors]. Cover 
floors first so that polyethylene extends at 
least 300 mm up walls then cover walls to 
overlap floor sheeting. 

od Build [double] barriers of polyethylene 

sheeting at all entrances to and exits from 

the work areas sO that work areas are always 
closed off by one barrier when workers enter 
or exit. 
8 After work area isolation remove heating, 
ventilating, and air conditioning filters, 
pack in sealed plastic bags 0.15 mm minimum 
thickness and treat as contaminated asbestos 
waste. Remove ceiling mounted objects such as 


| 1980-11-24 
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- 1(Cont 'd) 
- 8 (Cont ‘d) 
lights, partitions, other fixtures rot 


previously sealed off, and other objects that 


interfere with asbestos removal, as directed 
by Engineer. Use localized water spraying 
during fixture removal £0 reduce fibre 
dispersal. 
9 Maintain emergency and fire exits from 
the work areas, or establish alternative exits 
gatisfactory to the Dominion Fire Commissioner 
and Provincial Fire Marshall. 
10 Provide 24 volt safety lighting where 
excessive application of water is required for 
wetting asbestos containing materials. Ensure 
safe installation of electrical lines and 
equipment. . 
e11 After preparation of work areas and 
decontamination enclosure systems remove 
ceiling { panels] [and] [tiles] within the work 
areas progressively and carefully, (clean 
using HEPA vacuum and damp sponge, wrap clean 
panels in 0.10 mn minimum thickness 
polyethylene, and store in building as 
directed by Engineer] [and dispose of as 
contaminated waste j. Clean Lia grid 
suspension system within the work areas using 
wet sponge, disconnect grid frem hangers, 
[wrap grid members in 0.10 mm ninimun 
thickness polyethylene] and store in building 
as directed by Engineer. 
$ When suspended ceiling panels or grids 
must be removed include under this Section, rather 
than under Demolition, to ensure that ceiling 
removal is done under safe conditions. 
12 After preparation of work areas and 
decontamination enclosure systems remove 
plaster ceilings, including lath, furring, 
channels, hangers, wires, clips, and dispose 
of as contaminated waste jin the specified 
drums. Spray ceiling debris and the immediate 
work area with amended water to reduce dust, 
as the work progresses. 
SPEC_NOTE: When plaster ceilings must be removed, 
include under this section, rather than ander 
Demolition, to ensure that ceiling removal is dene 
under safe conditions. 


22 Workers Decontamination Enclosure System: 
Pa | The worker decontamination enclosure 
system shall comprise an equipment and access 
room, a shower room, and a clean recom, as 
follows: 


Pag 
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23 


«2 Equipment and access room: Build an 
equipment and access room between the shower 
room and the work areas, with two doorways, 
one to the shower room and one to the work 
areas. Znstall portable toilet, waste 
receptor, and storage facilities for workers'® 


- shoes and any protective clothing to be reworn 


in work areas. The equipment and access room 
shall be large enought to accommodate 
specified facilities, any other equipment 
needed, and at least one worker allowing him 
sufficient space to undress comfortably. 

e3 Shower room: Build a shower room between 
the clean room and the equipment and access 
room, with two doorways, one to the clean room 
and one to the equipment and access room. 
Provide one shower for every five workers. 
Provide a constant supply of hot and cold or 
warm water. (A cold water source is available 
at }]}. LA hot water source is 
available at [ aes BIE Drains to common 
sewers are available at [ }-. Provide 
piping and connect to water sources and 
drains. Pump waste water through a 5 
micrometre filter system acceptable to the 
Engineer before directing into drains. 
Provide soap, clean towels and appropriate 
containers for disposal of used respirator 
filters. 

«4% Clean room: Build a clean room between 
the shower room and clean areas outside of 
enclosures, with two doorways, one to outside 
of the enclosures and one to the shower room. 
Provide lockers for workers street clothes and 
personnal belongings. Provide storage for 
clean protective clothing and respiratory 
equipment. Install a mirror to permit workers 
to fit respiratory equipment properly, and 
sufficient hangers and hooks. 


Drum and Eguipment Decontaminaticn Enclosure 
System: 

| The drum and equipment deccntamination 
enclosure system shall comprise a staging area 
within the work area, a washroom, a holding 
room, and an unloading room. The purpose of 
this system is to provide a means to 
decontaminate drums, scaffolding, material 
containers, vacuum and spray equipment, and 
other tools and equipment for which the worker 
decontamination system is not suitable. 
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«2 Staging area: Build a staging area in the 
work area for gross removal of dust and debris 
from drums and equipment, labelling and 
sealing of drums, and temporary storage 
pending removal to washroom. The staging area 
shall have a doorway to the washroom. 

23 Washroom: Build a washroom between the 
staging area and the holding room with two 
doorways, one to the staging area and one to 
the holding room. Provide high pressure low 
vo Lume sprays for washing of drums and 
equipment. Pump waste water through 5 


- micrometre filter system before directing into 


drains. Provide piping and connect to water 
sources and drains. 

4 Holding room: Build a holding room 
between the washroom and the unloading room, 
with two doorways, one to the washroom and one 
to the unloading room. The holding room shall 
be of sufficient size to accommodate at least 
two barrels and the largest item of equipment 
used. 

-5 Unloading room: build a unloading room 
between the holding room and the outside, with 
two doorways, one to the holding room and one 
to the outside. 


Construction of Decontamination Fnclosures: 

o1 Build suitable framing for enclosures [or 
use existing rooms where convenient], and line 
with polyethylene sheeting sealed with tape. 
[Use two layers of polyethylene on floors]. 

22 Build [double] barriers of polyethylene 
at all doorways so that when drums and 
equipment are moved through a doorway, one of 
the [two] barriers comprising the doorway 
always remains closed. 


Separation of Work Areas from OQccupfied Areas. 
e1 Separate parts of the building required 
to remain in use {as shown on drawings] from 
parts of the buiiding used for asbestos 
abatement by means of an airtight barrier 
system constructed as follows. 

22 Build suitable floor to ceiling lumber or 
metal stud framing, cover with polyethylene 
sheeting sealed with tape, and apply 9 mm 
minimum thickness plywood. Seal all joints 
between plywood sheets and between plywood and 
adjacent materials with bridging 

to create an airtight barrier. 2 Souler 
3 Cover plywood barrier with polyethylene 
sealed with tape, as specified for work areas. 
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SPEC _ NOTE: Use 3.1.5 where it is necessary to 
carry out asbestos abatement procedures in a 


building required to remain in use. 


3.2 Asbestos 
Remova 


Sra 
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06 Maintenance of Enclosures; 
o1 Maintain enclosures in tidy condition. 
o2 Ensure that barriers and polyethyene 
linings are effectively sealed and taped. 
Repair damaged barriers and remedy defects 
immediately upon discovery. 
23 Visually inspect enclosures at the 
beginning of each working period. 
mo) Use smoke methods to test effectiveness 
of barriers when directed by Engineer. 

TEs The polyethylene enclosed areas should 
be indicated on drawings or otherwise defined in 
the contact. Alternatively the Contractor should 
be requested to indicate proposed layout under 
paragraph 1.9.1.3 of this section. 


e? Asbestos Abatement work shall not ccmmence 
untils 
o1 Arrangements have been made for disposal 
ef waste. 
02 For wet stripping techniques arrangements 
have been made for containing, filtering, and 
‘disposal of waste water. 
3 Work areas and decontamination enclosures 
{and parts of the building required to remain 
in use] are effectively segregated. 
o4 Tools, equipment and materials waste 
receptors are on hand. 
e5 Arrangements have been made for building 
security. 
x) All other preparatory steps have been 
taken. 


ot Before removing asbestos; 

ef Prepare site. 

o2 Spray asbestos material with water 
containing the specified wetting agent, using 
airless spray equipment. Saturate the 
asbestos material to prevent release of 
airborne fibres. Spray the asbestos material 
repeatedly during work process to maintain 
saturation and to minimize asbestos fibre 
dispersion. 
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Remove the saturated asbestos material in 
small sections. Before beginning the next 
section pack the material in sealable plastic 
bags 0.15 mm minimum thickness and place in 
labelled drums for transport. 


Seal filled drums. Clean external surfaces 
thoroughly by wet sponging. Remove from 
immediate working area to staging area, wash 
drums thoroughly in decontamination washroom, 
and store in holding room pending removal to 
unloading room and outside. Ensure that drums 
are removed from the holding area by workers 
who have entered from uncontaminated areas 
dressed in clean coveralls. 


After completion of stripping work, all 
surfaces from which asbestos has been removed 
shall be wire brushed and wet-sponged to 
remove all visible material. During this work 
the surfaces shall be kept wet. 


Where the Engineer decides removal of 
asbestos-containing material is impossible due 


to obstructions such as structural members or 


major service elements, and provides a written 
direction, encapsulate the material as 
follows: 

| {Apply bridging type sealer to provider 
[0.635] mm minimum dry film thickness over 
sprayed asbestos surfaces. Apply using 
airless spray equipment to avoid blowing off 
fibres. Use different colour for each coat]. 
Use [  Sycolour for final coat. CApply 
penetrating type sealer to penetrate existing 
Sprayed asbestos surfaces to uniform depth of 
(25] mm minimum]. LApply penetrating type 
sealer to penetrate existing sprayed asbestos 
surfaces uniformly to substrate]. 


After wire brushing and wet sponging to remove 
visible asbestos, {and after sealing asbestos- 
containing material impossible to remove], wet 
clean the entire work area including the 
equipment and access area, and equipment used 
in the process. After a 2% hour pericd to 
allow for dust settling, wet clean these areas 
and objects again. During this settling 
period no entry, activity, or ventilaticn will 
be permitted. After a second 24 nour period 
under the same conditions clean these areas 
and objects again using HEPA vacuum followed 
by wet cleaning. 


Bebe 
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Before sealing asbestos: 

ef Prepare site. 

e2 Vacuum surfaces in work areas except 
those to be sealed, using HEPA vacuum to 
remove all joose debris and dust particles. 

e3 Repair damaged and missing areas of 
existing sprayed asbestos to obtain a suitable 
base for sealing and to restore continuity of 
fireproofing. Use the specified asbestos-free 
fireproofing material. Prepare surfaces and 
apply fireproofing in accordance with 
manufacturer's recommendations. 

«4 Remove locse asbestos and pack in 
sealable plastic bags 0.15 mm mininum 
thickness and place in labelled drums for 


‘eransport. 


eS Seal filled drums. Clean external 
surfaces thoroughly by wet sponging. Remove 
from immediate working area to staging area, 
wash drums thoroughly in deccntamination 
washroom, and store in holding room pending 
removal to unloading room and outside. Ensure 
that drums are removed from the holding area 


by workers who have ‘entered from 
uncontaminated areas dressed in clean 
coveralls. 


{Apply bridging type sealer to provide (0.635 ] 
mm minimam dry film thickness over sprayed 
asbestos surfaces. Apply using airless spray 
equipment to avoid blowing off fibres. Use 
different colour for each coat]. Use 
{ Jcolour for final coat. LApply 
penetrating type sealer to penetrate existing 
Sprayed asbestos surfaces to uniform depth of 
C25] mm minimum]. [Apply penetrating type 
sealer to penetrate existing sprayed asbestos 
surfaces uniformly to substrate]. 


After sealing asbestos surfaces wet clean the 
entire work area including the equipment and 
access area, and equipment used in the 
process. After a 24 hour period to allow for 
dust settling wet clean these areas and 
objects again. During this settling period no 
entry, activity, or ventilation will be 
permitted. After a second 24 hour period 
under the same conditions clean these areas 
and objects again using HEPA vacuum followed 
by wet cleaning. 
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Install warning signs in poth official 
languages in 25 mm sans serif letters worded 
as follows: WARNING~-SEALED ASBESTOS. 
[Install signs at locations indicated on 
drawings]. A total of [ _jsigns will be 
required. 


Before enclosing asbestos: 

e1 Prepare site. 

e2 Vacuum all surfaces in work areas, except 
asbestos surfaces, using HEPA vacuum equipment 
to remove all loose debris and dust particles. 
23 Spray areas to be disturbed while 
securing hangers and other fixing devices. 
Yse water containing the specified wetting 
agent. Keep asbestos material damp to prevent 
release of airborne fibres. 

24 Remove loose asbestos and pack in 
sealable plastic bags 0.15 mn minimum 
thickness and place in labelled drums for 
-5 Seal filled drums. Clean external 
surfaces thoroughly by wet sponging. Remove 
from immediate working area to area set aside 
for storage in the equipment and access area. 
Ensure that drums are removed from the 
equipment and access area by workers who have 
entered from uncontaminated areas dressed jn 
clean coveralls. 


After installation of hangers and other fixing 
devices and before enclosing asbestos, repair 
damaged and missing areas of existing sprayed 
on material using the specified asbestos-free 
fireproofing material. Prepare surfaces and 
apply fireproofing or thermal insulation in 
accordance with manufacturer's 
recommendations. 


Enclose asbestos surfaces as follows: 
TE: There are so many ways to enclose 


asbestos surfaces that it is impossible to jnclude 
a useful specification here. Specify methods to 
suit the particular situation. (Describe one type) 


24 


DRAFT 


After enclosing asbestos surfaces wet clean 
the entire work area including equipment and 
access area, and equipment used in the 
process. After a 24 hour period tc allow for 
dust settling wet clean these areas and 
cbjects again. During this settling period no 
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sure \ ad entry, activity, or ventilation will be 
permitted. After a second 24 hour period 560 
under the same conditions clean these areas 
and objects again using HEPA vacuum followed . 561 
by wet cleaning. 


eS Install warning signs {at each access] {at 563 
locations directed by Engineer] in both 
official languages in 25 mn san serif letters 564 
worded as follows: WARNING; ENCLOSED ASBESTOS. 


3.5 Cleanup e1 The areas shall be fogged with water. Twenty- 569 
four hours after fogging, air samples shall be 
taken in -work, access and equipment, areas. 

' Bir circulatory fans of sufficient size and 570 
number shall be used to simulate occupant 
activity. Polyethylene seals shall be removed 571 
when air sampling shows that asbestos levels 
on both sides of seals do not exceed 0.10 $72 
fibres/cc as determined by the membrane filter 
method at &800-500X magnification phase 
contrast illumination, as described in NIOSH 573 
technical report 70-127 or equivalent. 


22 Place polyethylene seals, tape, cleaning $75 
material, clothing, and other contaminated 
waste in plastic bags and sealed labelled 
drums for transport. 576 


23 Work areas, equipment and access area, 578 
washing/showering room, and other enclosures 
that may be contaminated shall be included in 579 
the clean-up. 


24 Sealed drums and all equipment used in the 581 
work shall be included in the cleanup and 
shall be removed from work areas, via the drum 582 


and equipment decontamination enclosure 
system, at an appropriate time in the cleaning 
sequence. 


-5 A final check shall be carried out to ensure 584 
that no dust or debris remains on surfaces as 585 
a result of dismantling operaticns and air- 
monitoring shall be carried out again to 5 86 
Bra - ensure that asbestos levels in the building do 
not exceed 0.10 fibres/cc . Repeat cleaning 587 


1) R A r T and sampling until levels meet this criterion. 


16 
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3.5 Cleanup 26 As the work progresses, and to frevent 589 
(Cont'd) exceeding available storage capacity on site, — 


remove sealed and labelled drums containing! 590 
asbestos waste and dispose of to authorized 
g@isposal area in accordance with requirements 591 
of disposal authority. 
Ee Specify major restoration work such as 593 
respraying of fireproofing, and new suspended 594 
ceilings, in other sections of the specification. 


3.6 Reestablishment .1 When cleanup is complete: 598 

of Objects and o1 Reestablish objects moved to temporary 600 
Systems locations in the course of the work, in their 

proper positions. 601 

72 Re-secure mounted objects removed in the 603 

course of the work in their former positions. 604 

e2  Reestablish mechanical and electrical systems 6 06 

in proper working order. 607 

-3 Repair or replace objects damaged in the 609 

course of the work, as directed by Engineer. 610 

ir Mo fe) o1 From commencement of work until completion of 614 


cleaning operations air samples will be taken 

by the Engineer both inside and outside of 615 
work area enclosures in accordance with Health 616 
and Welfare Canada recommendations. 


02 If air monitoring shows that areas outside 618 
work area enclosures are contaminated these 619 
areas shall be enclosed, maintained and 

- eleaned, in the same manner as that applicable 620 
to work areas. . 


e3 The results of air monitoring inside work 622 
areas will be used to establish the type of 
yespirators to be worn. 623 
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STD 80 REMOVAL OF FRIABLE ASBESTOS COATINGS SPECIFIER 


GENSRAL 


Conform to General Conditions Form - Insert applicable 
as amended by the Supplementary General Conditions. document. 


Work Included: 


a) Removal of spray or trowel applied asbestos coatings or 
finishes. 


b) Provision of isolation of work areas. 
c) Provision of decontamination areas. 
d) Disposal of asbestos debris. 

e) Air monitoring. 


f) Painting surfaces which have been cleared of asbestos. 


Work Not Included: 


a) Asbestos containment. This work is 
specified elsewhere. 
b) Restoration of protective membranes removed under the 
terms of this contract. 


3. 
GENERAL 
REQUIREMENTS 


All work shall be governed by applicable municipal and OSHA and EPA regula- 

provincial by-laws. tions (U.S.A.) may 
be cited as guidance 

Contractor is required to furnish documentation of successful jdocuments. 

performance in asbestos removal. Documentation shall include 

name and address of purchaser of service, location of work 

performed, and a record of air monitoring for asbestos. 


The contractor shall furnish proof that employees have had 
instruction on the dangers of asbestos exposure, on respirator 
use, decontamination, and applicable regulations. 


The Architect reserves the right to order immediate cessation 
of all work, should he discover that work practices are 
violating pertinent regulations or are endangering workers. 


Removal of asbestos shall be through application of wet removal jVacuuming skills are 

techniques, Dry removal of friable asbestos will not be being perfected and 

permitted. may be approved in 
iting upon 

A warning sign shall be installed in or at the entrance to the lanplication. 

hazardous work area. Page 1 
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DECONTAMINATION 


Work Clothes 


Contractor shall provide and ensure that the following work 
clothes are worn by workmen on site throughout execution of this 
contract 


a) Full body coveralls of disposable type. 

b) Disposable head, boot covers and gloves. Wear hard hat wher 
applicable. 

c) Bye protection. 

d) Respiratory protection. 


Decontamination Areas 


Contractor shall provide an adequate decontamination area 
consisting of a serial arrangement of connected rooms or 
enclosed spaces. 


‘Contractor shall ensure that all workmen, without exception, 


pass through this degontamination area for entry into and exit 
from the work area for any purpose. 


The decontamination areas shall be set up as follows: 

a) Outside room (clean area) - workmen shall leave street 
clothes here and dress in clean working clothes (dis- 
posable overalls). Respiratory protection shall be 
picked up here. 


Workers enter this room either from outside dressed in 
street clothes or from work area through shower room. 


Note: No asbestos contaminated items shall enter this 


room, 

b) Shower room — this room shall be located between clean Temporary shower 
area and work area. It shall be used for transit stalls shall be 
by cleanly dressed workmen entering the work area, or by provided by the 
workmen headed for showers from the contaminated area. contractor. 


c) Equipment room (contaminated area) - this room shall be 
used for storing work equipment, footwear and work 


clothing. 

d) work area - this area shall be separated from the equip— Temporary toilets 
ment by polyethylene barriers. In general, partitions should be installe 
shall be framed with 2 x 4 studs and 6 mill polyethelene in this area. 


plastic sheets applied to both sides of stud partitions. 
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REMOVAL OF FRIABLE ASBESTOS COATINGS 


k 
DECONTAMIATION 
(Cont 'd) 
Decontamination Sequence 


Worker must enter outside room and remove clothing, put on clean 
coveralls and respirator, and pass through into the equipment room 
(contaminated area), Here any additional clothing required by the 
worker shall be put on. Work equipment and tools shall be .. 
obtained here. a 


“Worker shall then proceed to work area, 


Before leaving the work area, the worker shall remove all gross 
contamination and debris from the overalls, 


The worker shall proceed to equipment room and shall remove all 
clothing except respiratory protection equipment. Extra work 
clothing may be stored in contaminated end of the unit. . 
Disposable coveralls are placed in a bag for disposal with 

other material. The worker then proceeds into the shower room. 
Respiratory protection equipment shall be removed last to prevent 
inhalation of fibers during removal of contaminated clothing. 


After showering, the worker shall proceed to the -elean room where 
he will dress in either new coveralls for another entry or street 
clothes if leaving. 


Respirators shall be picked up, cleaned and wrapped by protected 
workers in a separate area by washing. The respirators must be 
brought to the clean room by an outside worker. 


56 
WORK 
PREPARATION 


The following items or furnishings within the work areas shall 
be removed prior to commencement of work: 


a) loose furniture. 

b) Drapes and carpets. 

c) Lay~-in ceiling tiles, including T-bar grid. 
d) Light fixtures. 


All items removed and scheduled to be re-installed shall be stored 
and kept safe until required, 


Equipment or furnishings which cannot be removed shall be sealed 
with 6 mil polyethylene sheeting. 


All openings within the work area shall be sealed with 6 mil 
polyethylene plastic, held in place with suitable tape. Similarly 
seal joints between sheets, Such openings shall in general 
encompass ducts, vents, grilles, floor drains, skylights, windows, 
doors, electrical ducts and boxes, 


G.3 


REMARKS TO 
SPECIFIER 


Drinking water and 
disposable cups shal 
be supplied here. 


Workers shall 
assist each other. 
Contractor to 
provide vacuum 
cleaner with dis- 
posable filter bags - 
for personal use. 


Note: Temporary 
showers, soap, 
towels shall be 
provided by the 
Contractor. 


Specify: 
Responsibility for 
this work, 
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10. 


5s 
WORK 
PREPARATION 
(Cont 'd) 


Wall and floor surfaces shall be protected with continuous sheets 
of similar plastic. Joints between wall and floor sheets shall 
be tape sealed. 


The ventilation and forced air heating system of the work areas 
shall be isolated and turned off. 


6. 
ASBESTOS 
REMOVAL 


The Architect's approval of all proposed isolation barriers and 
removal procedures is required, No-stripping of asbestos will be 
permitted until the Architect has inspected the work site and the 
approval to proceed with the work has been given in writing. 


A fine spray of this solution shall be applied to prevent fiber 
disturbance preceding the removal of the asbestos material. The 
asbestos membrane shall be completely saturated to prevent 
emission of airborne fibers. 


Asbestos shall only be removed by hand scraping. Power operated 
blowers will not be permitted. 


Removed asbestos fibres shall immediately be collected in 6 mil 
plastic bags and placed in rigid containers having sealable lids. 
Notes: Fallen debris must be collected at end of days or shift 
work, Containers shall be kept sealed at all times. 


Fallen asbestos debris shall again be sprayed with amended 
water before collecting and placing in bags. 


Packed containers shall be sealed and labelled before leaving 
the contaminated area. 


Following removal, the entire area shall be wet cleaned, 

After a 24 hour period to allow for dust settling, the entire 
area shall be wet cleaned again. During this settling period, 
no entry, activity, or ventilation will be allowed. . 


24, hours after the second cleaning, all surfaces in the entire 
work area shall be vacuumed and wet mopped. 


All polyethylene material, tape, cleaning material, and 
clothing shall be placed in plastic-lined drums, sealed and 
labelled as described above for the asbestos waste material. 


REMARKS TO &:4 
SPECIFIER 


Suggest 55 gallon 
drums. 


Apply hazard sticker 
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6. 
ASBESTOS 
REMOVAL 
(Cont 'd) 


1. All equipment shall be cleaned of asbestos material prior to 
leaving the work area. 


ite 
AIR 
MONITORING 


1. Throughout the removal and cleaning operations, air sample 
monitoring shall be conducted to ensure that the Contractor 
is complying with all codes, regulations and ordinances, The 
air monitoring technician and his equipment shall be subject to 
approval of the Architect. 


2. Air monitoring shall be performed to provide the followin 
samples during the period of asbestos removal: __ 


a) Area to be Number of Minimum sample 
sampled samples volume in litres 
Work area ) 4 60 
Outside work area barriers iu 528120 


Samples will be taken after the actual removal operation 
has begun. oie 


b) After the second (final) cleaning operation, the following 
tests shall be performed: 


43 A’ éomplete visual_inspection. 


it, Two air samples within 48 hours after completion of 

all cleaning work. — : Minimum volume of 
| air sample shall 
be 240 litres. 


4, The cleaning operations shall be repeated if: 


a) A visual inspection detects asbestos remnant still clinging | Specify accepted 


to the sub strate, and fibre count per 
. cm3 air, 


b) Air sample tests prove fibre count above acceptable limits. 
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uP 


8. 
ASB=STOS 
DISPOSAL 


All asbestos materials and miscellaneous debris in sealed 
drums shall ».e transported to the predesignated disposal site 
in accordance with the guidelines of governmental agencies 
having jurisdiction. 


The bags may be dumped from the drums into the burial site. 
The drums may be reused. However, if a bag is broken or 
damaged, the entire drum should be buried. 


oA 
ENCAPSULATION 
OF RESIDUE 
FIBRES 
All surfaces cleared of asbestos shall be painted with two This work is optiona: 
coats of Latex paint. Purpose: to 
encapsulate any 
fibre which has not 
LO: been removed. 
COMPLETION 
Upon instructions by the Architect, Contractor shall remove all {Specify if part of 
temporary partitions, screens, facilities and equipment. asbestos removal 
contract. 


Previously removed furniture, owner's equipment, ceilings or 
light fixtures will be re-installed by ownerts forces. 
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ASBESTOS RELEASE FROM SPRAY- OR TROWEL- 
APPLIED MATERIALS IN BUILDINGS AND OTHER 


STRUCTURES 


Guide Specifications 
For The Abatement of Asbestos Release from 
Spray- Or Trowel-Applied Materials In Buildings And 
Other Structures. 


A GUIDANCE DOCUMENT ON ASBESTOS-CONTAINING 
BUILDING MATERIALS IN STRUCTURES. 
DECEMBER, 1981 


Published by: 
THE FOUNDATION of the WALL & CEILING 
INDUSTRY 
25 K St. N.E. 
WASHINGTON, D.C. 20002 U.S.A. 


© 1982 


For the Users of This Hosseeall 


This guide specification has not been officially adopted or ‘‘approved’’ by the public agencies 
participating in its development. 


Under the sponsorship of the Foundation of Wall & Ceiling Industry, an Ad Hoc Task Group of 
Technical Subcommittee No. 4 of the Association of the Wall/Ceiling Industries-International, Inc. 
developed this document. 


The Ad Hoc Task Group Members are hereunder acknowledged: 


*Donald S. Little, Chairman Clyde McCorkle 
Contractor-Scarborough, Ontario General Services Admin., 


Gene Erwin, Secretary Washington, D.C. 
Technical Director, AWCI-Washington, D.C. Lou Polito 
Occupational Health & Safety, 
Washington, D.C. 


Forest Reinhardt 
Environmental Protection Agency, 


Robert Delahoussaye 
Contractor, Lafayette, Louisiana. 


Joseph A. Feldner 


Contractor, Chicago, Illnois Washington, D.C. 

George Grossman David Spinazzolo 
Public Works Canada, Contractor, Hampton, Virginia 
eye Ontario Fred C. Treadway 

Ben Jacinto a Contractor, South Bend, Indiana 
Hae Lie Washington, D.C. Tons AWilson 

R. N. Massiah Environmental Protection Agency, 
Alberta Labour, Edmonton, Alberta Washington, D.C. 

A. Z. Mazgay *Deceased 


Contractor, Markham, Ontario 


Early drafts of this guide specification have been circulated, for comment, to persons and organiza- 
tions too numerous to list. Their contributions are gratefully acknowledged. 


These guide specifications were prepared by the above listed Ad Hoc task group, to assist archi- 
tects, engineers, and building owners in preparing project specifications and contracts for asbestos 
abatement work. 


Although the authors have made every attempt to insure that these guide specifications reflect the 
best technology for asbestos abatement which is currently available, they do not claim that use of 
the specifications will guarantee a risk-free, successful abatement job, and cannot take respon- 
sibility for any work done using these specifications. Technology relating to asbestos abatement 
is changing rapidly and more advanced techniques may become available. The user of this document 
should keep abreast of new developments in techniques, equipment and legal requirements through 
consulting appropriate technical and legal publications. 


Additional comments and suggestions for the improvement of this document are welcomed and 
encouraged. Such comments may be directed to Gene Erwin, Technical Director, AWCI, 25 K 
St. N.E., Washington, D.C. 20002, or to any member of AWCI Technical Subcommittee No. 9 
Asbestos Abatement: 


Fred C. Treadway, Chairman Robert Magdelain 
Richmond, Indiana King of Prussia, Pennsylvania 
David L. Spinazollo, Vice Chairman A. Z. Mazgay ; 
Hampton, Virginia Markham, Ontario 
Dwight Hopkins Dr. Donald J. Pinchin 
Dade City, Florida Mississauga, Ontario 
Hugh Lim Gene Secor 
Calgary, Alberta Springhouse, PA 


Cameron Little 
Scarborough, Ontario 


SPECIFICATIONS 


1.6.2 Provide workers with personally issued 
and marked respiratory equipment approved 
by [Labour Canada] [Provincial Labour Dept.] 
[Provincial Department of __.____) 
[NIOSH and MSHA] and suitable for the as- 
bestos exposure level in the work area accord- 
ing to [OSHA Standard 29 CFR 1910.1001) 
{applicable standard]. Where respirators with 
disposable filter are employed, provide suf- 
ficient filters for replacement as required by 
the worker or applicable regulation. 


1.6.3 Provide authorized visitors with suit- 
able respirators with new filters or cartridges 
whenever they are required to enter the work 
area, to a maximum of [ ] per day. 


1.6.4 Provide workers with sufficient sets of 
protective full body clothing. Such clothing 
shall consist of full body coveralls and head- 
gear. Provide eye protection and hard hats as 
required by applicable safety regulations. Non- 
disposable type protective clothing and foot- 
wear shall be left in the Contaminated Equip- 
ment Room until the end of the asbestos 
abatement work, at which time such items shall 
be disposed of as asbestos waste, or shall be 
thoroughly cleaned of all asbestos or asbestos- 
containing material. Disposable type protec- 
tive clothing, headgear, and footwear may be 
provided. 


1.6.5 Provide authorized visitors with suit- 
able protective clothing, headgear, eye protec- 
tion and footwear, as described in Section 
1.6.4, whenever they are required to enter the 
work area, to a maximum of [ ] set(s) 
per day. 


1.6.6 Provide and post, in the Equipment 
Room and the Clean Room, the decontamina- 
tion and work procedures to be followed by 
workers, as described in Section 1.6.7 of these 
specifications. 


1.6.7 Worker Protection Procedures 


1.6.7.1. Each worker and authorized visitor 
shall, upon entering the job site: remove street 
clothes in the clean change room and put on 
a respirator with new filters, and clean pro- 
tective clothing, before entering the equipment 


NOTE TO USER 


1.6.2 OSHA Regulations, 29 CFR 1910.1001 
(d)(3), require respirators if airborne con- 
centrations of asbestos fibers are higher 
than the OSHA standard of 2 f/cc 8 hour time 
weighted average or 10 f/cc peak exposures. 
The type of respirator required depends on 
concentrations: 

1) half face respirator: if between 1 and 
10x the standard; 

2) powered air purifying respirator: if 
between 10 and 100x the standard; and 

3) Type C respirator: if greater than 100x 
the standard. 


The contractor is responsible for determina- 
tion of the concentration of asbestos fibers 
in the air. This can be done by analysis of 
air samples from actual or similar jobs. 


The OSHA regulations are not mandatory in 
Canada except where they have been of- 
ficially adopted by an applicable jurisdic- 
tion. Some Canadian jurisdictions have 
adopted more stringent requirements. 


1.6.4 In some instances job conditions 
may require that closer attention be given 
to the flame retardant qualities of the pro- 
tective garments. 
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PREAMBLE 


This guide specification has been prepared to assist building owners, their representatives, and 
other officials responsible for the preparation of contract specifications for the abatement of ex- 
posure problems from spray- or trowel-applied asbestos-containing building materials in the United 
States and Canada. The guide specification is based on the Construction Specification Institute 
(CSI) format and is located in the left hand column, while notes to the user are in the right hand 
column. Users must study the suggested specifications and notes and either delete or add specifica- 
tions where appropriate. This guide specification must not be used as is but must be edited to fit the 
conditions at each particular job. The specification includes actions required by regulation as well 
as actions offered as guidance for best current work practices. The guidance is based upon exper- 
ience with abatement procedures and offers reasonable procedures for satisfaction of the regula- 
tory requirements. 


The final choice of language is up to the specifier. The authors of the guide specification are not 
responsible for the final wording of the project specification or the results of any work based on 
these guidelines. The reporting forms provided in Appendix B are examples only. 


Specification writers must be thoroughly familiar with the guidance provided by the U.S. Environ- 
mental Protection Agency (EPA), and with Federal, State or Provincial, and municipal require- 
ments, and must edit the guide specifications to suit applicable guidelines and regulations. [Writers 
must also have determined the appropriate abatement method prior to editing these guide specifica- 
tions.] A complete assessment of conditions must be conducted in each building, including: an 
inspection for friable materials, sampling and analysis of suspect material by Polarized Light 
Microscopy (PLM) in the United States or by a method approved by Health and Welfare Canada 
and Provincial authority having jurisdiction in Canada, and an exposure assessment of the likeli- 
hood of release of asbestos fibers. Careful examination of the advantages and disadvantages of 
the various abatement methods should be completed before editing the specifications. For ad- 
ditional guidance in making these decisions, call the EPA at (800) 424-9065 or (202) 554-1404 and 
ask for the ‘‘Asbestos Information Packet.”’ 


It is recommended that building owners and their representatives require that contractors who 
submit bids for asbestos abatement work demonstrate that they have had experience in such work. 
They should require contractors to submit letters of reference from the owners of the buildings 
where this work was done, and air monitoring data taken during this work. As an alternative to, 
or in addition to, previous experience, building owners should require of contractors submitting 
bids that the contractors have successfully completed a training course in asbestos abatement 
work. If so, the contractors should be required to submit letters from the firm, agency, or associa- 
tion which conducted the training course and a syllabus of the session. Training sessions should 
include instruction in applicable regulations, work area isolation, worker protection, the selection, 
use, and maintenance of respirators, proper asbestos abatement techniques, and proper work 
area decontamination procedures. 


Asbestos abatement work is done to reduce or eliminate free fiber movement. Abatement pro- 
cedures must be done in accordance with regulations of all applicable agencies. Incorrectly per- 
formed work may cause greater exposure problems than it eliminates. In many projects other per- 
formance factors, such as fire resistance, flame spread, and acoustical or thermal requirements, 
must be met. Where the replacement/encapsulation/enclosure system is not equal to the original 
in required performance, or where the building code requirements have changed, the new system 
may have to meet new code requirements. 


All specifications enclosed in brackets [ ] are offered as choices. Choose the specifications 
appropriate for the work and delete the other items. 
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1.3.17 Shower Room—a room between the 
clean room and the equipment room in the 
worker decontamination enclosure system, 
with hot and cold or warm running water and 
suitably arranged for complete showering dur- 
ing decontamination. The shower room com- 
prises an airlock between contaminated and 
clean areas. 


1.3.18 Equipment Room—a contaminated 
area or room which is part of the worker de- 
contamination enclosure system, with pro- 
visions for storage of contaminated clothing 
and equipment. 


1.3.19 Washroom—a room between the work 
area and the holding area in the equipment 
decontamination enclosure system. The wash- 
room comprises an airlock. 


1.3.20 Holding area—a chamber between the 
washroom and an uncontaminated area in the 
equipment decontamination enclosure system. 
The holding area comprises an airlock. 


1.3.21 Fixed Object—a unit of equipment or 
furniture in the work area which cannot be 
removed from the work area. 


1.3.22 Movable Object—a unit of equipment 
or furniture in the work area which can be 
removed from the work area. 


1.3.23 HEPA filter—a high efficiency Par- 
ticulate Absolute (HEPA) filter capable of 
trapping and retaining 99.97% of asbestos 
fibers greater than 0.3 microns in length. 


1.3.24 Encapsulant (Sealant)—a liquid ma- 
terial which can be applied to asbestos-con- 
taining material and which controls the pos- 
sible release of asbestos fibers from the 
material either by creating a membrane over 
the surface (bridging encapsulant) or by pene- 
trating into the material and binding its com- 
ponents together (penetrating encapsulant). 


1.3.25 Wet Cleaning—the process of elim- 
inating asbestos contamination from building 
surfaces and objects by using cloths, mops, or 
other cleaning tools which have been damp- 
ened with water, and by afterwards disposing 
of these cleaning tools as asbestos-contam- 
inated waste. 


1.3.26 Negative Pressure—a local exhaust 
system capable of maintaining a minimum 
pressure differential of minus 0.02 inch of 
water column relative to adjacent unsealed 
areas. 


NOTE TO USER 
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1.3.7 Air Monitoring—the process of measur- 
ing the fiber content of a specific volume of 
air in a stated period of time. 


1.3.8 HEPA Vacuum Equipment—high ef- 
ficiency particulate air (absolute) filtered 
vacuuming equipment with a filter system cap- 
able of collecting and retaining asbestos fibers. 
Filters should be of 99.97% efficiency for re- 
taining fibers of 0.3 microns or larger. 


1.3.9 Surfactant—a chemical wetting agent 
added to water to improve penetration, thus 
reducing the quantity of water required for a 
given operation or area. 


1.3.10 Amended water—a water to which a 
surfactant has been added (see 1.3.9). 


1.3.11 Airlock—a system for permitting in- 
gress or egress without permitting air move- 
ment between a contaminated area and an un- 
contaminated area, typically consisting of two 
curtained doorways at least 6 feet (2 meters) 
apart. 


1.3.12 Curtained doorway—a device to allow 
ingress or egress from one room to another 
while permitting minimal air movement be- 
tween the rooms, typically constructed by 
placing two overlapping sheets of plastic sheet 
over an existing or temporarily framed door- 
way, securing each along the top of the door- 
way, securing the vertical edge of one sheet 
along one vertical side of the doorway, and 
securing the vertical edge of the other sheet 
along the opposite vertical side of the doorway. 
Two curtained doorways spaced a minimum 
of 6 feet (2 meters) apart form an airlock. 


1.3.13 Decontamination Enclosure System— 
a series of connected rooms, with curtained 
doorways between any two adjacent rooms, 
for the decontamination of workers or of ma- 
terials and equipment. A decontamination 
enclosure system always contains at least one 
airlock. 


1.3.14 Worker Decontamination Enclosure 
System—a decontamination enclosure system 
for workers, typically consisting of a clean 
room, a shower room, and an equipment room. 


1.3.15 Equipment Decontamination En- 
closure System—a decontamination enclosure 
system for materials and equipment, typically 
consisting of a designated area of the work 
area, a washroom, a holding area, and an un- 
contaminated area. 


1.3.16 Clean Room—an uncontaminated area 
or room which is part of the worker decon- 
tamination enclosure system, with provisions 
for storage of workers’ street clothes and pro- 
tective equipment. 


NOTE TO USER 


SPECIFICATIONS 


PART 1 — GENERAL 


1.1. SCOPE. This specification covers the 
{removal] and [encapsulation] and [enclosure] 
of spray-applied and/or trowel-applied building 
materials that have previously been deter- 
mined to contain asbestos. 
1.1.1 The requirements of [ )shall be 
a part of this section. 


1.2 DESCRIPTION OF WORK 
1.2.1 Work specified in this section. 


Fumish all labor, materials, services, insur- 
ance, equipment, in accordance with require- 
ments of [EPA] and [OSHA] and [other regula- 
tory agencies], to complete: [Removal] and 
(Encapsulation) and [Enclosure], as specified, 
of all [spray-] [trowel-] applied asbestos- 
containing material located as indicated on 
drawings. 


1.2.2 Related work specified elsewhere. 


1.3 TERMINOLOGY (Definitions) 


1.3.1 Building owner—the owner or his 
authorized representative. 


1.3.2 Authorized Visitor—the building own- 
er, or a representative of any regulatory or 
other agency having jurisdiction over the 
project. 


1.3.3. Abatement—procedures to control 
fiber release from spray- or trowel-applied 
asbestos-containing building materials. In- 
cludes encapsulation, enclosure, removal. 


1.3.4 Removal—All herein specified pro- 
cedures necessary to strip all spray- or trowel- 
applied asbestos-containing materials from the 
designated areas and to dispose of these ma- 
terials at an acceptable site. 


1.3.5 Encapsulation—All herein specified 
procedures necessary to coat all spray- or 
trowel-applied asbestos-containing materials 
with an encapsulant to control the possible 
release of asbestos fibers into the ambient air. 


1.3.6 Enclosure—All herein specified pro- 
cedures necessary to complete enclosure of 
all spray- or trowel-applied asbestos-contain- 
ing material behind airtight, impermeable, 
permanent barriers. 
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7.1.2 Insert other requirements such as 
general conditions, supplementary general 
conditions, etc. Delete if not applicable. 


1.2.1 Identify precisely, preferably by 
means of drawings, the extent of removal, 
encapsulation, enclosure, or any combina- 
tion of these procedures, of spray or trowel 
applied asbestos-containing material, in- 
cluding work necessary to restore the 
project to specified condition (see 3.6) 


1.2.2 Related work should be specified 
elsewhere, but should be referenced in this 
section. Other work includes replacement 
materials or systems for removal projects, 
and may also include work on electrical and 
mechanical systems, painting, air monitor- 
ing, panel ceilings, fire resistant coatings, 
and the like. 


1.2.2.1. In some instances it may be ac- 
ceptable, following gross cleaning, but prior 
to final cleanup, to apply replacement fire- 
resistive protection/insulation. In such in- 
stances all of the safety procedures outlined 
in this specification should be followed. 
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1.4 APPLICABLE REFERENCE 
DOCUMENTS 


The current issue of each document shall 


govern. Where conflict among requirements 
or with these specifications exist, the more 
stringent requirements shall apply. 


1.4.1 Regulations: Comply with applicable 
Federal, [State], [Provincial], municipal, ang 
local regulations. 


[Title 29, Code of Federal Regulations, Section 
1910.1001. Occupational Safety and Health 
Administration (OSHA), U.S. Department of 
Labor.] 


[Title 40, Code of Federal Regulations, Part 61, 
Subparts A and B, National Emission Stan- 
dards for Hazardous Air Pollutants. U.S. 
Environmental Protection Agency (EPA).] 


1.4.2 Codes and Standards 


A. ASTM—American Society for Testing 
and Materials 


B. ANSI—American National Standards 
Institute 


1) ANSI Z 9.2 Fundamental Governing the 
Design and Operation of Local Exhaust Sys- 
tems 


C. CSA—Canadian Standards Association. 


D. UlLJ—Underwriters Laboratories, Inc. 


E. ULC—Underwriters Laboratories, Can- 
ada. 


1.5 SUBMITTALS AND NOTICES 


1.5.1 Prior to Commencement of Work 


1.5.1.1 Notify in writing of proposed asbestos 
work, with copy to building owner, the [EPA 
regional office] [OSHA Regional Office] [Re- 
gional or Zone Director of the Medical Services 
Branch, Health and Welfare Canada] [local air 
pollution agency] [local authority with respon- 
sibility for occupational health and safety] [Re- 
gional Office of Labour Canada] with jurisdic- 
tion over the [State] [Province] in which this 
project is located, not fewer than ten (10) days 
before work commences on this project. 


1.5.1.2 Submit proof satisfactory to the build- 
ing owner that all required permits, site loca- 
tion, and arrangements for transport and dis- 
posal of asbestos-containing or contaminated 
materials, supplies, and the like have been 
obtained. 


NOTE TO USER 


1.4.1 Specify model, State, Provincial or 
local building codes requirements affecting 
replacement materials or the use of encap- 
sulants or enclosures. Delete where not 
applicable. 


1.5.1. Notices and permits required by all 
federal, state, provincial and local agencies 
having jurisdiction must be specified. 


A typical reporting form is provided in 
Appendix B. 


1.5.1.2 Required for all abatement pro- 
cedures. 
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1.5.1.3 Submit to the building owner a de- 
scription of the plans for construction of de- 
contamination enclosure systems and for isola- 
tion of the work areas in compliance with this 
specification and applicable regulations. 


1.5.1.4 Submit documentation to the building 
owner indicating that all employees have had 
instruction on the hazards of asbestos ex- 
posure, on use and fitting of respirators, on 
protective dress, on use of showers, on entry 
and exit from work areas, and on all aspects 
of work procedures and protective measures. 


1.5.1.5 Post caution signs in and around the 
work area [to comply with OSHA regulation 
29 CFR 1910. 1001(g)(1)), [and] as required by 
federal, state, provincial regulation. 


1.5.2 Test Results 


1.5.2.1 Results of tests of asbestos-contain- 
ing materials taken from surfaces within the 
scope of this project are [available for inspec- 
tion at ] [bound into this specifica- 
tion at the end of this section]. 


1.5.2.2 Results of air monitoring tests taken 
by others prior to commencement of work are 
[available for inspection at ] [bound 
into this specification at the end of this section]. 


1.5.2.3 Submit to the building owner, docu- 
mentation, including test results, of encapsu- 
lating materials proposed for use. 


1.5.3. The contractor and the owner shall 
agree in writing on the condition of the build- 
ing and fixtures, prior to commencement of 
the work. 


1.5.4 Submit manufacturer’s certification 
that vacuums, ventilation equipment, and 
other equipment required to contain airborne 
fibers conform to ANSI Z 9.2. 


1.66 PERSONNEL PROTECTION 


1.6.1 Prior to commencement of work, the 
workers shall be instructed, and shall be 
knowledgeable, in the areas described in 
Section 1.5.1.4. 
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7.5.1.3 Use 1.5.1.3 if the contractor is re- 
sponsible for the layout of enclosure. It is 
preferable, however, to define enclosures in 
the specifications. 


1.5.1.4 See Appendix B-for optional form to be 
signed by employees. 


1.5.2.1. Test results are for general infor- 
mation only and are provided by the building 
owner or his authorized representative. Test 
results will not necessarily be representative 
of all asbestos-containing materials within 
the scope of this project. 


1.5.2.2 Delete if not applicable. 


A typical reporting form Is provided in 
Appendix B. 


1.5.2.3 Delete if encapsulation is not 
specified. 
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room or the work area, except that workers 
intending to rewear contaminated protective 
clothing stored in the equipment room shall 
enter equipment room wearing only respir- 
ators. 


1.6.7.2 Each worker and authorized visitor 
shall, each time he leaves the work area: re- 
move gross contamination from clothing be- 
fore leaving the work area; proceed to the 
equipment room and remove all clothing ex- 
cept respirators; still wearing the respirator 
proceed naked to the showers; clean the out- 
side of the respirator with soap and water while 
showering; remove the respirator; thoroughly 
shampoo and wash themselves; remove filters 
and wet them and dispose of filters in the con- 
tainer provided for the purpose; and wash and 
rinse the inside of the respirator. 


1.6.7.3. Following showering and drying off, 
each worker and authorized visitor shall pro- 
ceed directly to the clean change room and 
dress in clean clothes at the end of each day’s 
work, or before eating, smoking, or drinking. 
Before re-entering the work area from the clean 
change room, each worker and authorized 
visitor shall put on a clean respirator with fil- 
ters and shall dress in clean protective clothing, 
except that workers intending to rewear con- 
taminated protective clothing stored in the 
equipment room shall enter the equipment 
room wearing only respirators. 


1.6.7.4 Contaminated work footwear shall be 
stored in the equipment room when not in use 
in the work area. Upon completion of asbestos 
abatement, dispose of footwear as con- 
taminated waste or clean thoroughly inside and 
out using soap and water before removing from 
work area or from equipment and access area. 
Store contaminated protective clothing in the 
equipment room for reuse or place in recep- 
tacles for disposal with other asbestos con- 
taminated materials. 


1.6.7.5 Workers removing waste containers 
from the equipment decontamination en- 
closure shall enter the holding area from out- 
side wearing a respirator and dressed in clean 
coveralls. No worker shall use this system as 
a means to leave or enter the washroom or the 
work area. 


1.6.7.6 Workers shall not eat, drink, smoke, 
or chew gum or tobacco at the worksite except 
in the established clean room. 


1.6.7.7. Workers shall be fully protected with 
respirators and protective clothing immed- 
iately prior to the first disturbance of asbestos- 
containing or contaminated materials and until 
final clean-up is completed. 
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1.7 EQUIPMENT REMOVAL 
PROCEDURES 


1.7.1 Clean external surfaces of contam- 
inated containers and equipment thoroughly 
by wet sponging or HEPA vacuum before mov- 
ing such items into the equipment decon- 
tamination enclosure system washroom for 
final cleaning and removal to uncontaminated 
areas. Ensure that personnel do not leave work 
areas through the equipment decontamination 
enclosure system. 


1.8 BUILDING PROTECTION 


[Specify necessary security provisions] 


PART 2 — MATERIALS AND 
EQUIPMENT 


2.1 MATERIALS 


2.1.1 Deliver all materials in the original 
packages, containers, or bundles bearing the 
name of the manufacturer and the brand name. 


2.1.1.2 Store all materials subject to damage 
off the ground, away from wet or damp sur- 
faces, and under cover sufficient to prevent 
damage or contamination. 


2.1.1.3 Damaged or deteriorating materials 
shall not be used and shall be removed from 
the premises. Material that becomes con- 
taminated with asbestos shall be disposed of 
in accordance with the applicable regulations. 


2.1.2 Plastic sheet, of 4 mil [0.1 mm] thick- 
ness unless otherwise specified, in sizes to 
minimize the frequency of joints. 


2.1.3 Tape—capable of sealing joints of ad- 
jacent sheets of plastic sheets and for attach- 
ment of plastic sheet to finished or unfinished 
surfaces of dissimilar materials and capable of 
adhering under dry and wet conditions, in- 
cluding use of amended water. 


2.1.4 Surfactant [wetting agent}—shall con- 
sist of 50% polyoxyethylene ether and 50% of 


NOTE TO USER 


1.8 Use 1.8 to cover items such as con- 
tractor’s responsibilities for building secur- 
ity, fire safety, damages by the contractor, 
and the like. Delete if covered under general 
conditions. 


2.1 It should not be inferred that all ma- 
terials, tools, and equipment listed in Part 2 
are required for all projects, or that all re- 
quired materials, tools, and equipment 
necessary for every project are listed herein. 
Delete and add as applicable. Products may 
be specified by brand name in this section. 


2.1.2 Plastic sheet material provides a flex- 
ible vapor barrier and is used to isolate and 
seal off work areas and items within work 
areas; to protect surfaces in the work area 
other than those surfaces being altered; to 
construct decontamination and enclosure 
systems. 
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[polyoxyethylene] [polyglycol] ester, or equiv- 
alent, and shall be mixed with water to provide 
a concentration [of one ounce surfactant to 5 
gallons of water] [of 1.25 kg/m? of water]. 


2.1.5 Impermeable containers—suitable to 
receive and retain any asbestos-containing or 
contaminated materials until disposal at an 
approved site. [The containers shall be labeled 
in accordance with OSHA Regulation 29 CFR 
1910.1001.] Containers must be both air- and 
water-tight. 


2.1.6 Warning labels and signs—as required 
[by OSHA regulation 29 CFR 1910.1001] [in 
official languages]. 


2.1.7 Encapsulants—[Bridging] [Penetrat- 
ing] type, approved by the authority having 
jurisdiction and having the following charac- 
teristics: 


2.1.8 Spray or Trowel Applied Fire Resistant 
Materials—[ULI] [ULC] labeled and listed, 
asbestos-free [mineral fiber] [cementitious] 
material to provide the degree of fire protec- 
tion required by the applicable building code. 


2.1.9 Spray- or trowel-applied thermal or 
acoustical insulation material used for patching 
or replacement shall provide performance 
characteristics equivalent to or better than the 
original material. 


2.1.10 Enclosure materials— 
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2.1.5 It is recommended that two types of 
impermeable containers be used: 6 mil 
plastic bags size to fit within the drum 
listed hereafter and capable of being seal- 
ed; 55 gallon [(200L] capacity metal or 
fiber drums with tightly fitting lids. 


2.1.7 Specify particular characteristics 
where more restrictive requirements apply, 
such as the effect of the encapsulant on 
the fire resistance, flame spread, or acous- 
tical ratings. 

At the time of publication of this guide 
specification ASTM Committee E6 is in the 
process of promulgating a series of test 
procedures (methods) for evaluating en- 
capsulants. 

Further information on encapsulants is 
available from EPA, 800-424-9065 or 202- 
554-1404. Avoid specifying an encapsulant 
that may affect the bond of the asbestos- 
containing material to its substrate or alter 
the fire rating of the material. 


2.1.8 Use 2.1.8 where repairs are required 
to existing sprayed or trowel-applied ma- 
terial prior to encapsulation or enclosure. 


Where complete removal of existing spray- 
or trowel-applied material is specified in the 
United States, use CS! 07253 to specify the 
replacement materials in a separate section 
of this specification. In Canada, use GMS/ 
NMS section 09841 to specify these replace- 
ment materials. The replacement material 
must provide equal performance to the orig- 
inal. If the applicable code requirements 
have changed, the replacement material 
must meet the new code requirements. 


2.1.10 Where fire, thermal or sound per- 
formance rated assemblies are required for 
enclosure projects, the applicable [ASTM] 
[ANS/] [CSA] [ULI] [ULC] [ ) Material, 
Installation, Application Specifications or 
Recommended Practice should be Beet: 
fied. 
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2.1.11 Other Materials—provide all other 
materials, such as lumber, nails and hardware, 
which may be required to construct and dis- 
mantle the decontamination area and the bar- 
riers that isolate the work area. 


2.2 TOOLS AND EQUIPMENT 


2.2.1. Provide suitable tools for asbestos [re- 
moval] [encapsulation] [enclosure]. 


2.2.1.1 Air movement equipment—High Ef- 
ficiency Particulate Air Absolute Filtration 
Systems shall be equipped with filtration 
equipment in compliance with ANSI Z 9.2, 
Local Exhaust Ventilation. No air movement 
system or air equipment shall discharge as- 
bestos fibers outside the work area. 


PART 3 — EXECUTION 


3.1 FREPARATION 
3.1.1 Work areas: 


3.1.1.1 Shut down electric power. Provide 
temporary power and lighting and ensure safe 
installation of temporary power sources and 
equipment per applicable electrical code re- 
quirements and provide 24 V safety lighting 
and ground-fault interrupter circuits as power 
source for electrical equipment. 


3.1.1.2 Shut down and isolate heating, cool- 
ing, ventilating air systems to prevent con- 
tamination and fiber dispersal to other areas 
of the structure. During the work, vents within 
the work area shall be sealed with tape and 
plastic sheeting. 


3.1.1.3 Preclean movable objects [and car- 
peting] within the proposed work areas using 
HEPA filtered vacuum equipment and/or wet 
cleaning methods as appropriate, and remove 
such objects from work areas to a temporary 
location in [ } 


3.1.1.4 Preclean fixed objects within the pro- 
posed work areas, using HEPA filtered 
vacuum equipment and/or wet cleaning 
methods as appropriate, and enclose with 
minimum 4 mil plastic sheeting sealed with 
tape. 
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A negative pressure may be established in 
the work area by means of mechanical 
equipment. This may assist in keeping air- 
borne fibers confined to the work area. The 
mechanical equipment shall exhaust 
through a HEPA filter to the outside of the 
work area. The equipment shall be in opera- 
tion for 24 hours per day until decontamina- 
tion of the work area is completed. 


2.2.1.1. Equipment capable of establishing 
a negative pressure and/or cyclic air 
changes in the work area can reduce fiber 
counts during abatement. 


3.1.1.1. See also OSHA requirements for 
temporary electrical systems. 


3.1.1.3 Use 3.1.1.3 if Contractor is respon- 
sible for this work. Prior to commencing 
work, movable objects, and carpeting where 
feasible, should be removed from work 
areas. If any movable object is to remain in 
work areas, indicate, and specify protection 
under 3.1.1.4. 

3.1.1.4 For sensitive equipment such as 
computers, additional protection may be 
required. The manufacturer of the equip- 


ment should be consulted to provide guid- 


ance for proper protection. 
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3.1.1.5 Clean the proposed work areas using 
HEPA filtered vacuum equipment or wet 
cleaning methods as appropriate. Methods that 
raise dust, such as dry sweeping or vacuuming 
with equipment not equipped with HEPA 
filters shall not be used. » 


3.1.1.6 Seal off all openings, including but not 
limited to corridors, doorways, skylights, 
ducts, grills, diffusers, and any other penetra- 
tions of the work areas, with plastic sheeting 
sealed with tape. Doorways and corridors 
which will not be used for passage during work 
must be sealed with barriers as described in 
3.1.2.4. 


3.1.1.7 Cover floor and wall surfaces with 
plastic sheeting sealed with tape. [Use a min- 
imum of two layers of 6 mil plastic on floors.] 
Cover floors first so that plastic extends at 
least 12 in. (300 mm.) up on walls, then cover 
walls with a minimum of 4 mil plastic sheeting 
to the floor level, thus overlapping the floor 
material by a minimum of 12 inches. 


3.1.1.8 Build airlocks (see 3.1.2.1.2) at en- 
trances to and exits from the work areas. 


3.1.1.9 Remove and clean ceiling mounted 
objects, such as lights and other items not pre- 
viously sealed off, that interfere with asbestos 
abatement. Use localized water spraying or 
HEPA filtered vacuum equipment during fix- 
ture removal to reduce fiber dispersal. 


3.1.1.10 Maintain emergency and fire exits 
from the work areas, or establish alternative 
exits satisfactory to the [ }] [applicable 
fire officials]. 


3.1.1.11 After preparation of work areas and 
decontamination enclosure systems, remove 
ceiling [panels] [and] [tiles] within the work 
areas progressively and carefully, [clean using 
HEPA filtered vacuum equipment and damp 
sponge and wrap clean [panels] [tiles] in 0.10 
mm. (4 mil.) minimum thickness plastic and 
store in building as directed by building owner] 
[and dispose of as contaminated waste]. Alter- 
natively, surfaces of asbestos-contaminated 
items may be sprayed with an approved en- 
capsulant prior to removal from the work area 
if permitted by local regulation. The encapsu- 
lated items may be disposed of in a regular 
landfill if permitted by local regulation. 
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3.1.1.6 Equipment capable of establishing 
a negative pressure and/or cyclic air 
changes in the work area can reduce fiber 
counts during abatement. If decontamina- 
tion enclosure systems and barrier systems 
are not indicated on drawings, the Con- 
tractor should be required to provide a pro- 
posed layout under 1.5.1.3 of this section. 


3.1.1.7 Where wall surfaces are smooth 
and non-porous the wall covering may not 
be necessary for protection. Asbestos fiber 
accumulation can be removed by HEPA 
vacuum equipment or wet cleaning during 
clean-up (section 3.5). However, the decora- 
tive surfaces or surface which are subject 
to damage from water and/or encapsulants 
will need protection. All openings must be 
individually sealed if the covering is not in- 
stalled. Vinyl sheeting is available for im- 
proved traction. 


3.1.1.11 Where it is necessary to remove 
suspended, furred, or other ceiling systems 
including panels, tile, lath and plaster and 
the like to make the work area accessible, 
specify where removal, cleaning/storing or 
disposal in this section to ensure that re- 
moval is under safe conditions. Delete sec- 
tions 3.1.1.11-3.1.1.14 if not applicable. 
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3.1.1.12 Where suspended ceiling suspension 
systems, such as T-grids, must be removed 
to expose and make work areas accessible 
[clean ‘‘T”’ grid using wet methods, disconnect 
grid from hangers, wrap cleaned grid members 
in 0.10 mm. (4 mil.) minimum thickness plastic 
and store as directed by building owner] [dis- 
pose of as contaminated waste]. 


3.1.1.13 Where suspended ceiling grid sus- 
pension systems removal is not required for 
work area accessibility, leave the grid system 
in place and, upon completion of the abate- 
ment work, clean the grid system as specified 
in’ 3:5. 


3.1.1.14. After preparation of work areas and 
decontamination enclosure systems, remove 
plaster ceilings, including lath, furring channel 
system [grid], wire ties, clips, screws, and 
other accessory items and dispose of as con- 
taminated waste. Spray ceiling debris and the 
immediate work area with amended water to 
reduce dust as the work progresses. 


3.1.2 Decontamination Enclosure Systems: 


3.1.2.1.1 [Build suitable framing] [Use exist- 
ing rooms connected with framed-in tunnels if 
necessary] and line with plastic, sealed with 
tape at all lap joints in the plastic for all en- 
closures and decontamination enclosure sys- 
tem rooms. 


3.1.2.1.2 In all cases access between con- 
taminated and uncontaminated rooms or areas 
shall be through an airlock as described in Sec- 
tion 1.3. In all cases access between any two 
rooms within the decontamination enclosure 
systems shall be through a curtained doorway. 


3.1.2.2 Worker Decontamination Enclosure 
System: Construct a worker decontamination 
enclosure system contiguous to the work area 
consisting of three totally enclosed chambers 
as follows: 


3.1.2.2.1 An equipment room with two cur- 
tained doorways, one to the work area and 
one to the shower room. 


3.1.2.2.2 A shower room with two curtained 
doorways, one to the equipment room and one 
to the clean room. The shower room shall con- 
tain at least one shower with hot and cold or 
warm water. Careful attention shall be paid to 
the shower enclosure to insure against leaking 
of any kind. Ensure a supply of soap at all 
times in the shower room. [Existing showers 


NOTE TO USER 


3.1.1.14 See note to 3.1.1.11. If the plaster 
ceiling material contains asbestos, removal 
should be performed in accordance with 
section 3.2. 


3.1.2.1.1. Either existing rooms outside of 
the work area or specially framed and sealed 
temporary areas may be used for the decon- 
tamination enclosure system. Convenience 
and proximity to the work area should be the 
determining factors. In some cases rooms 
may be connected by constructing tem- 
porary framed and sealed tunnels between 
existing rooms and the work area; these tun- 
nels can also serve as airlocks. 


3.1.2.2.1 See 29 CFR 1910.1001 (d)(4) for 
requirements. 
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may be used in conjunction with the decon- 
tamination system and procedures.] 


3.1.2.2.3 A clean room with one curtained 
doorway into the shower and one entrance or 
exit to noncontaminated areas of the building. 
The clean room shall have sufficient space for 
storage of the workers’ street clothes, towels, 
and other noncontaminated items. 


3.1.2.3 Equipment Decontamination En- 
closure System: Provide or construct an equip- 
ment decontamination enclosure system con- 
sisting of two totally enclosed chambers as 
follows: 


3.1.2.2.1 A washroom, constituting an air- 
lock, with a curtained doorway to a designated 
area of the work area and a curtained doorway 
to the holding area. 


3.1.2.3.2 A holding area, constituting an air- 
lock, with a curtained doorway to an uncon- 
taminated area. 


3.1.2.4 Separation of Work Areas from Oc- 
cupied Areas 


3.1.2.4.1 Separate parts of the building re- 
quired to remain in use [as shown on drawings} 
from parts of the building that will undergo 
asbestos abatement by means of airtight bar- 
riers, constructed as follows: 


3.1.2.4.1.1 Build suitable wood or metal 
framing and apply [36’’] 9 mm. minimum thick- 
ness sheathing on [work side] [both sides). 


3.1.2.4.1.2 Cover sheathing with plastic 
sheet, sealed with tape as specified on work 
area side. 


3.1.2.5 Maintenance of Enclosure Systems: 


3.1.2.5.1 Ensure that barriers and plastic 
linings are effectively sealed and taped. Repair 
damaged barriers and remedy defects immed- 
iately upon discovery. 


3.1.2.5.2 Visually inspect enclosures at the 
beginning of each work period. 


3.1.2.5.3 Use smoke methods to test ef- 
fectiveness of barriers when directed by build- 
ing owner. 


NOTE TO USER 


3.1.2.3. The purpose of this area is to pro- 
vide a means to decontaminate drums, scaf- 
folding, material containers, vacuum and 
spray equipment, and other tools and equip- 
ment for which the worker decontamination 
system is not suitable. In some cases the 
worker decontamination enclosure can 
serve this purpose. 


3.1.2.4 Use this section where it is neces- 
sary to carry out asbestos abatement pro- 
cedures in a building required to remain in 
use. 


3.1.2.4.1.1 It may be necessary, in certain 
occupancies, to construct these barriers 
with sheathing on both sides of the framing. 


3.1.2.4.1.2 In certain occupancies, it may 
be necessary to cover both sides of sheath- 
ing on the work area side with plastic 
sheeting. 
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3.1.2.6 Asbestos abatement work shall not 
commence until: 


3.1.2.6.1 Arrangements have been made for 
disposal of waste at an acceptable site. 


3.1.2.6.2 Arrangements have been made for 
containing and disposal of waste water result- 
ing from wet stripping. 


3.1.2.6.3 Work areas and decontamination 
enclosure systems [and parts of the building 
required to remain in use] are effectively segre- 
gated. 


3.1.2.6.4 Tools, equipment and material 
waste receptors are on hand. 


3.1.2.6.5 Arrangements have been made for 
building security. 


3.1.2.6.6 All other preparatory steps have 
been taken and applicable notices posted and 
permits obtained. 


3.2 ASBESTOS REMOVAL 


3.2.1 Prepare site (see section 3.1). 

3.2.2 Spray asbestos material with amended 
water, using spray equipment capable of pro- 
viding a ‘‘mist’’ application to reduce the re- 
lease of fibers. Saturate the material suf- 
ficiently to wet it to the substrate without 
causing excess dripping or delamination of the 
material. Spray the asbestos material repeated- 
ly during work process to maintain wet con- 
dition and to minimize asbestos fiber disper- 
sion. 


3.2.3 Remove the saturated asbestos material 
in small sections. As it is removed pack the 
material in sealable plastic bags of [6 mil] [0.15 
mm.] minimum thickness and place in labeled 
containers for transport. Material shall not be 
allowed to dry out prior to insertion into the 
container. 


3.2.4 Seal filled containers. [Place caution 
labels on containers in accordance with OSHA 
regulation 29 CFR 1910.1001 (g)(2).] Clean ex- 
ternal surfaces of containers thoroughly by wet 
sponging in the designated area of the work 
area which is part of the equipment decon- 
tamination enclosure system. Move containers 
to washroom, wet clean each container 
thoroughly, and move to holding area pending 
removal to uncontaminated areas. Ensure that 
containers are removed from the holding area 
by workers who have entered from uncon- 
taminated areas dressed in clean coveralls. 


NOTE TO USER 


3.1.2.6.2 For wet removal techniques. De- 
lete if inapplicable. 


3.1.2.6.5 Delete if inapplicable. 


3.2 Select the proper section for removal, 
encapsulation, enclosure or any combina- 
tion of the three and delete non-applicable 
sections. 


3.2.2 Small hand-held sprayers or a com- 
bination of water barrel, pump, hose and 
nozzle controlled sprayers may be used. 
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Ensure that workers do not enter from un- 
contaminated areas into the washroom or the 
work area; ensure that contaminated workers 
do not exit the work area through the equip- 
ment decontamination enclosure system. 


3.2.5 After completion of stripping work, all 
surfaces from which asbestos has been re- 


‘moved shall be wire brushed and/or wet 


sponged or cleaned by an equivalent method 
to remove all visible material. During this work 
the surfaces being cleaned shall be kept wet. 


3.2.6 Where the building owner decides re- 


moval of asbestos-containing material is im- - 


possible due to obstructions such as structural 
members or major service elements, and pro- 
vides a written direction, encapsulate the 
material as follows: 


3.2.6.1 [Apply bridging type encapsulant to 
provide [ ] mm. minimum dry film thickness 
over sprayed asbestos surfaces.] [Apply pene- 
trating type encapsulant to penetrate existing 
sprayed asbestos materials to a depth of [ ] 
mm.]. [Apply penetrating type encapsulant to 
penetrate existing sprayed asbestos materials 
uniformly to substrate.) [When using a bridging 
type encapsulant, use a different color for each 
coat. Use [ ] for final coat.) [During 
treatment with a penetrating encapsulant, re- 
move selected random core samples of the 
asbestos-containing material in the presence of 
the owner to check the depth of penetration.] 
Apply encapsulant using airless spray equip- 
ment. 


3.2.7 Clean up shall be in accordance with 
3.5. 


3.3 ASBESTOS ENCAPSULATION 


3.3.1. Prepare site (see Section 3.1.1). 


3.3.2 Repair damaged and missing areas of 
existing sprayed asbestos to obtain a suitable 
base for sealing and to restore continuity of 
existing material. Use the specified asbestos- 
free replacement material. Prepare surfaces 
and apply replacement material in accordance 
with manufacturer’s recommendations. 


3.3.3 Remove loose or hanging asbestos ma- 
terial and pack in sealable plastic bags [6 mil] 
[0.15 mm] minimum thickness and place in 
labeled containers for transport. 


NOTE TO USER 


3.2.5 Where not possible to completely re- 
move all traces of fibers by wire brush, wet 
sponge or other cleaning procedure, the 
surface may be encapsulated. However, it 
must be predetermined that the encapsulant 
to be used will be compatible with the new 
material to be applied. 


3.3 See Appendix A for information on an 
ASTM E06 task group activity dealing with 
the development of test methods for encap- 
sulants. 
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3.3.4 Seal filled containers. [Place caution 
labels on containers in accordance with OSHA 


regulation 29 CFR 1910.1001 (g)(2).] Clean ex- © 


ternal surfaces of containers thoroughly by wet 
sponging in the designated area of the work 
area which is part of the equipment decon- 
tamination enclosure system. Move containers 
to washroom, wet clean each container 
thoroughly, and move to holding area pending 
removal to uncontaminated areas. Ensure that 
containers are removed from the holding area 
by workers who have entered from uncon- 
taminated areas dressed in clean coveralls. 
Ensure that workers do not enter from uncon- 
taminated areas into the washroom or the work 
area; ensure that contaminated workers do not 
exit the work area through the equipment 
decontamination enclosure system. 


3.3.5 [Apply bridging type encapsulant to 
provide [ ] mm minimum dry film thickness 
over sprayed asbestos surfaces.] [Apply pene- 
trating type encapsulant to penetrate existing 
sprayed asbestos materials uniformly to sub- 
strate, or to the depth of [ ] penetration as 
previously determined by field spray test. 
[When using a bridging type encapsulant, use 
a different color for each coat. Use [ } 
for final coat.] [During treatment with a pene- 
trating encapsulant, remove selected random 
core samples of the asbestos-containing ma- 
terial in the presence of the owner to check the 
depth of penetration.] Apply encapsulant using 
airless spray equipment. 


3.3.6 Clean up shall be in accordance with 
cP 


3.3.7. [Install warning signs (in both official 
languages) worded as follows: ‘*STOP. Con- 
sult building management before working in 
this area.’’ Install signs at locations indicated 
on drawings. A total of [ } signs will 
be required.] 


3.4 ASBESTOS ENCLOSURE 
3.4.1 Prepare site (See section 3.1). 


3.4.2 Spray areas which will be disturbed 
while securing hangers and other fixing devices 
with water containing the specified wetting 
agent. Keep asbestos material damp to prevent 
release of airborne fibers. 


3.4.3 Remove loose or hanging asbestos ma- 
terial while damp, [and place in sealable plastic 
bags of 6 mil [0.15 mm] minimum thickness] 
[and place in labeled containers for transport). 


NOTE TO USER 


3.3.7 The decision whether to post signs 
and what language to use on the signs is up 
to the building owner. Delete if not ap- 
plicable. 
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3.4.4 Seal filled containers. Place caution 
labels on containers in accordance with OSHA 
regulation 29 CFR 1910.1001 (g)(2). Clean ex- 
ternal surfaces of containers thoroughly by wet 
sponging in the designated area of the work 
area which is part of the equipment decon- 
tamination enclosure system. Move containers 
to washroom, wet clean each container 
thoroughly, and move to holding area pending 
removal to uncontaminated areas. Ensure that 
containers are removed from the holding area 
by workers who have entered from uncon- 
taminated areas dressed in clean coveralls. 
Ensure that workers do not enter from uncon- 
taminated areas into the washroom or the work 
areas; ensure that contaminated workers do 
not exit the work area through the equipment 
decontamination enclosure system. 


3.4.5 After installation of hangers and other 
fixing devices and before enclosing asbestos, 
repair damaged and missing areas of existing 
sprayed-on materials using the specified as- 
bestos free replacement material. Prepare sur- 
faces and apply in accordance with manu- 
facturer’s recommendations. 


3.4.6 [Specify enclosure procedure] 


3.4.7. Clean up shall be in accordance with 
325. 


3.4.8 [Install warning signs [in both official 
languages] worded as follows: ‘‘STOP. Con- 
sult building management before working in 
this area.’ Install signs at locations indicated 
on drawings. A total of [ ] signs will 
be required.] 


3.5 CLEAN UP 


3.5.1 Remove visible accumulations of as- 
bestos material and debris. Wet clean all sur- 
faces within the work area. 


3.5.2 Remove the plastic sheets from walls 
and floors only. The windows, doors, and 
HVAC vents shall remain sealed and any 
HEPA filtered negative air pressure systems, 
air filtration and decontamination enclosure 
systems shall remain in service. 


NOTE TO USER 


3.4.6 There are so many ways to enclose 
asbestos surfaces that it is impossible to 
include a useful specification here. Specify 
methods to suit the particular situation. 


3.4.8 See note 3.3.7. 
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3.5.3 Clean all surfaces in the work area and 
any other contaminated areas with water and/ 
or with HEPA filtered vacuum equipment. 
After cleaning the work area, wait 24 hours to 
allow for settlement of dust, and again wet 
clean or clean with HEPA filtered vacuum 
equipment all surfaces in the work area. After 
completion of the second cleaning operation, 
perform a complete visual inspection of the 
work area to ensure that the work area is free 
of visible asbestos debris. 


3.5.4 Sealed drums and all equipment used 
in the work area shall be included in the clean- 
up and shall be removed from work areas, via 
the equipment decontamination enclosure sys- 
tem, at an appropmiate time in the cleaning 
sequence. 


3.5.5 If the building owner within [ ] hours 
finds visible accumulations of asbestos debris 
in the work area, the Contractor shall repeat 
the wet cleaning until the work area is in com- 
pliance, at the Contractor’s expense. 


3.5.6 When a final inspection determines that 
the area is free of accumulations of visible 
asbestos debris, the decontamination enclosure 
systems shall be removed, the area thoroughly 
wet cleaned, and materials from the equipment 
room and shower disposed of as contaminated 
waste. A final check shall be carried out to en- 
sure that no dust or debris remains on surfaces 
as a result of dismantling operations. 


3.5.7 As the work progresses, to prevent 
exceeding available storage capacity on site, 
remove sealed and labeled containers of con- 
taminated waste and dispose of as con- 
taminated waste (see section 3.7). 


3.6 RE-ESTABLISHMENT OF OBJECTS AND 
SYSTEMS 


3.6.1 When clean-up is complete: 

3.6.1.1 Relocate objects moved to temporary 
locations in the course of the work to their 
former positions. 


3.6.1.2 Re-secure mounted objects removed 
in the course of the work in their former 
positions. 


3.6.2 Re-establish HVAC, mechanical and 
electrical systems in proper working order. 
Install new filters and dispose of used filters 
as contaminated waste. 


NOTE TO USER 


3.5.6 A typical form for final inspection Is pre- 
vided in Appendix B. 


3.6 Specify major restoration work such as 
respraying of fireproofing, and installation 
of new suspended ceilings or lighting, in 
the applicable sections of the specification. 


3.6.2 Cleaning of ducts, if required, should 
be specified in this section. 
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3.7 DISPOSAL 


3.7 Disposal of asbestos-containing materials 
and asbestos-contaminated waste. As the work 
progresses, and to prevent exceeding avail- 
able storage capacity on site, remove sealed 
and labeled containers of asbestos waste and 
dispose of such containers at an authorized 
disposal site in accordance with the require- 
ments of disposal authority. Submit documen- 
tation regarding disposal to building owner. 


NOTE TO USER 


3.7 Sealed plastic bags may be dumped 
into the burial site unless the bags have 
been broken or damaged. Damaged bags 
shall remain in the drum and the entire con- 
taminated drum shall be buried. Uncon- 
taminated drums may be recycled. A typical 
form for the disposal of asbestos waste is 
provided in Appendix B. 
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Appendix A — Guide Specifications- Asbestos  _ 


ASTM Committee E06.21.06E. on 
Encapsulation of Building Materials 


This task group is charged with the development of a Standard Specification For Encapsulating 
Agents For Friable Asbestos-Containing Building Materials. 


The present scope of the ‘‘draft’’ standard describes the testing and performance of encapsu- 
lants designed to reduce or eliminate the release of asbestos fibers from the matrix of friable spray- 
or trowel-applied asbestos-containing building materials. 


The ‘‘draft’’ standard consists of two separate test protocols with acceptance criteria: 

1. a series of laboratory tests which show whether an encapsulant is capable of acceptable per- 
formance on a specified asbestos-free matrix, and; 

2. a series of tests to be conducted in the field at each location where encapsulation is being con- 
sidered, which show whether an encapsulant is acceptable on the specific asbestos-containing 
matrix. 


Significance and Use: 


This ‘‘draft’’ standard does not provide a means to determine whether encapsulation or any other 
control technique is suitable for any particular installation of friable asbestos-containing material, 
or guidance in making such a determination. The purpose of this ‘‘draft’’ standard is to provide 
guidance in the selection of an encapsulant once the decision to encapsulate has been made. It is 
assumed that users of this standard have already made a decision to encapsulate friable asbestos- 
containing material and that this decision is appropriate. 


The test protocols in this standard do not cover the permeability to water vapor of encapsulants 
when applied to friable materials, or the mildew and fungus resistance of encapsulants, or the 
ability of penetrating encapsulants to control application amounts by tinting. These properties 
may be determined by other standard test methods. Since friable asbestos-containing materials 
originally were applied for a variety of purposes, these and other characteristics of encapsulant 
performance not included in this ‘‘draft’’ standard may be important to preserve originally in- 
tended qualities of the asbestos material. 


The ‘‘proposed’’ test methods for laboratory testing are: 
. Cohesion and Adhesion 

Penetration 

. Deflection 

. Surface Abrasion 

Air Erosion 

. Fire Resistance 

Surface Burning 

. Surface Impact 
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The ‘‘proposed”’ test methods for field testing are: 
1. Adhesion and Cohesion 

2. Penetration (for Penetrating Encapsulants only) 
3. Fiber Release 


It should not be assumed that the laboratory test results will replicate performance on friable 
asbestos-containing building materials. The laboratory tests are designed to evaluate the relative 
behavior of the encapsulants rather than to give a definitive indication of the performance on any 
particular friable asbestos-containing materials. 


For all laboratory tests, the application of the encapsulant will be at the maximum or the minimum 
coverage rate noted in the individual test procedures. These maximum and minimum coverage 
rates are those specified by the manufacturers for field installation of his product. Coverage rates 
should be specified per unit surface for penetrating encapsulants. 

Encapsulant coverage used in the field tests will be at the level required by the matrix system 
installation, but for the test to be valid, must be between the maximum and the minimum levels 
specified by the manufacturers. 

It is the intent of the task group to complete its work in order to permit the proposed standard to 
be reviewed and balloted to consensus approval as expeditiously as possible, in order for it to be 
promulgated for use. 


Users of this guide specification are referred to ASTM Headquarters for information on the 
Status of the ‘‘draft’’ standard. 


APPENDIX B 


SAMPLE FORMS 
1. Air Test Sampling Data Sheet 
. Ten Day Notice Form — To Regional EPA Office 


2 
3. Asbestos Disposal Form 
4. Final Inspection Form 
5 


- Employee Release Form 
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Air Test Samples 
Sampling Data Sheet 


Collected by 


Analyzediby = eee eee Analytical Method 
Job Cee 


Flow | Volume Analysis = ee 


Sample Collection ime. Rate ae ield 
Information in. Ipm Count Count ae 


*** See Attached floor plan for sample locations. 


I certify that the above samples were taken and the fiber counts performed in strict compliance 
with applicable standards and regulations. 
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‘Ten Day Notice Form 


This form is to be filled in and filed with both state and regional EPA officials a minimum of 
twenty (20) days before start of the asbestos abatement contract. 


Contractor 

Name 

Address 

City State Zip 

Phone (____ ) Se a eer ere tare 


Building Owner or Operator eS EE SIT eT SE tS eS a Sa eae oe eee ee 
Name eee 
ONS Se ae a ee 


City Zip 


ETIORC (CHIOSE RSE 2S tN Secret at tee eee aieriy air doen ew: a es, saree eles 
BS COATED OAR OULOTERCL ONE ere ee eg ee ee a” 
PSUR Ok tae ELGAR gg ee ee eae ee eS er ge 
CG 8 5 cairn ARAN RGD eB AS EL OCR Se SC He ee BP ate eerie a ok 


Address SA a RNR SE SUA CRN A ia ae EE Sane ae Et 


Lh aetna AE AS OS REMAP Palace tell elf since Zip 
Amount of Asbestos (Ft) ___________ Abatement Technique 
Amount of Asbestos (Ft) ___________ Abatement Technique 
Contract Dates taht ee ee Pen 


Disposal Site 


Site Name __-- sO perrator-Owner Name 


AGT ORS fa a Address 


Oily ete iy Siate 


Pune (a) a Phone FC - ) 
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Asbestos Disposal Form 


Date: 
Owner or Operator of Landfill 
Name 
Address 
(C: | 5 RM eS nese ne Anan. men fF (yates biden salve weet Ai 
Phone: ( ___ ——_) 
Name of Landfill 


Name 


Address 

City ee ae eee ie | 
Phone: (2) 

Hauler 

Approximate Volume of Asbestos Received 

Type of Container Asbestos in 

Asbestos Containers Labeled? _____. YES eNO 


I certify that the above statements are true and that the landfill has been approved for the disposal 
of asbestos. The delivered material will be covered with 6 inches (15 cm.) of non-asbestos material 
within 24 hours. 


Landfill Owner-Operator 


Final Inspection 


Form Time: . 


Date: 


Name of Job 


Name of Contractor ee ee 


Location of Job pe ee ee ee 


Address eT ee 


City State 


Zip 


I have inspected the job-site and found it to be clean, orderly and dust-free. All work contracted 
for has apparently been performed in an acceptable manner in complete accordance with the 
specifications. There is no obvious damage to the structure. 


Comments: 


Contracting Agent 
SEAL (If applicable) 


1s y E 


Employee Release Form 


Employee Name: 


Employee Address: 


Employee Telephone No.: 


Union Card Number: 


Classification of Worker; ——————_____—_______—__ 
No 
No 


Have you had in the past, or present, any respiratory problems? Yes 


Have you worked in the past with asbestos or fiberglass type materials? Yes 


The project you will be working on involves the use of asbestos and the removal of the asbestos 
from the building. Asbestos is considered a health hazard. — 


The company is supplying all necessary safety-clothing and working conditions required and 
necessary for your protection from asbestos hazard. 


You shall be instructed at commencement of the job on the required use of safety equipment, 
clothing, working conditions and procedures. These must be rigidly adhered to. Smoking is not 


permitted in the work areas. Disregarding of safety instructions shall result in instant dismissal. 
I acknowledge that safety instructions have been given to me by the company at my work com- 


mencement and I am thoroughly conversant with them and have answered the above questions 
truthfully. 


Signed —_-—_—— eS ee 
Employee 


Date 
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INSPECTING BUILDINGS FOR ASBESTOS 
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}!ROCEDURES FOR THE INSPECTION OF ASBESTOS IN BUILDINGS 
nO LOUS IN BUILDINGS 


ASBESTOS AND HEALTH 


Epidemiological studies of asbestos workers have shown that long-term 


€xposure to asbestos increases the risks of developing lung cancer, 


mesothelioma (cancer of the lining of the lung and abdomen), and 
asbestosis (chronic lung disease). It is impossible to estimate 
confidently the exact degree of risk associated with low-level ex- 
posures. However, exposure to asbestos at any level is considered |. 
to present a health risk which increases with the duration and in- 


tensity of exposure. 


The health effects of asbestos exposure do not become apparent im- 
mediately following exposure. The length of the latency period during 
which asbestos-related diseases develop is generally between 15 and 

35 years from the time of the first exposure, depending upon the 


amount and duration of exposure. 


The risk of developing asbestos-related diseases is increased con- 


siderably by cigarette smoking. 


THE CONTROL OF ASBESTOS EXPOSURE 
IN BUILDINGS 


The Use of Asbestos in Buildings 


Asbestos is used in a variety of construction materials, principally 
applications where properties of heat resistance, fire-proofing and 
insulation are required. Products containing asbestos include 
reinforced asbestos cement, patching compounds, pipe insulation, 


fireproofing and decorative coatings. 


Asbestos contained in building materials can become a health hazard 
when asbestos fibres are released into the air and inhaled. Many 
materials, such as vinyl floor tiles, will not release asbestos 
since the fibres are firmly encapsulated within the body of the 
material. However, friable (i.e. crumbly) materials containing 


asbestos will release fibres when damaged. 


The asbestos materials of concern in buildings are the friable materials 
used for fireproofing, insulation or decoration. Friable materials 

are usually found on overhead surfaces, steel beams, ceilings and 
occasionally on walls and pipes. Many of these coatings are 


applied by spraying or trowelling. 


Generally the sprayed materials are more friable. However, materials 
applied by trowelling also can release asbestos fibres if the coating 


is damaged. 


It is important to note that asbestos is released from damaged materials 
such as surface coatings or insulation. This release can be stopped 

by careful removal of all loose material, followed by the application 

of a sealing solution to the damaged surface, or the enclosure of 


the damaged area. 


1.4 


To 


The ‘Control of Asbestos Exposure 


In order to ensure that asbestos does not present a health hazard 


in buildings, the following precautions should be taken: 


(a) Buildings should be inspected to locate situations where 


asbestos material is damaged and exposed. 
(b) Samples of the material should be carefully collected. 
(c) The samples should be analyzed for asbestos. 


(d) If the material contains asbestos, an exposure assessment 
should be carried out to determine bee an exposure 


problem exists. 


(e) If an exposure problem is discovered, corrective action 
should be taken. Appropriate courses of action include 
removal, encapsulation, or enclosure of the asbestos- 


containing material. 


(£) A list of locations where friable asbestos material is 


used should be kept up-to-date. 


Each of these precautionary measures is discussed in more detail 


in the following sections. 


PROCEDURES FOR INSPECTION OF ASBESTOS 


A survey of buildings should be carried out initially by maintenance 
staff, in order to locate areas where asbestos is contained in building 
materials. These materials include spray coats on ceilings or steel 
beams tor fireproofing, decorative coatings, and pipe insulation. 


Situations of particular importance are those where coatings are damaged. 


A check of building and maintenance records should supplement visual 
inspections. However, record checks should not replace visual 


inspection in identifying asbestos material. 


When it is suspected that asbestos is contained in building materials 
in any area, a location record should be started for future 


reference. 


When damaged surfaces containing asbestos are located, a plastic drop 
sheet should be placed under the damaged area to catch released material. 
The surrounding area should be carefully vacuumed to capture fallen 


material. Warning signs should be posted and the area isolated. 


Engineering staff should then be advised of the situation. Collection 
of samples for analysis should be taken immediately according to the 
instructions detailed below. Subsequent removal or repair of the coatings 


should be carried out by centractors and supervised by engineering staff. 
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COLLECTION OF SAMPLES FOR ANALYSIS 
EE ANALYOLS 


Sample Collection 


A small sample (not more than a teaspoon in quantity) of suspected 
asbestos-containing material is required for analysis. The following 


precautions should be taken during sample collections: 


(a) The material from which the Sample is drawn should 


not be otherwise disturbed or damaged. 


(b) The area around the damaged material shovld be sprayed 


with a light mist of water to prevent further damage and 
fibre release during collection. 


(c) If pieces of the damaged material break off during sample 
collection, all floors and surfaces in the area should be 


vacuumed or cleaned with a wet mop. 


(d) Only those persons involved in sample collection and 
clean-up should be present in the area, and suitable 
respirators should be worn. Shoes and clothing should 
be decontaminated by vacuuming. For more information 
On the respirators available, call the Occupational 
Hygiene Service, of the Occupational Health Branch 
at (416) 965-3150. 


During the collection of samples, a plastic drop sheet should be 
Placed below the damaged surface to catch the friable material 
released. If scraping is necessary, it should be done very gently 


with a thin metal spatula commonly used in the chemistry laboratory. 


The sample of the suspect material should be placed in an airtight 
sample bag available from the Ministry of Labour, sealed and sent 


in the accompanying envelope to the following address: 


Occupational Health Laboratory 
Ministry’ of Labour 

360 Christie Street 

Toronto, Ontario M3G 3C2 


The envelope should be Clearly marked in the lower left-hand corner; 


ASBESTOS INSPECTION PROGRAM 


1 


The form enclosed with the sampling pouch must be filled out. 
This form indicates where the final results of the sample analysis 


are to be sent. A sample reporting form is shown in APPENDIX I. 


Exposure Assessment 


When sample results indicate that asbestos is present, it will be 
necessary to assess.the potential for release into the environment. 
This should be done by contractors or maintenance staff, using 


suitable respiratory equipment. 
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CORRECTIVE ACTION THAT SHOULD BE TAKEN 
EE a BG LAREN 
TO CONTROL THE RELEASE OF ASBESTOS 
eee NE A BBO LVS 


If friable asbestos material is identified and exposure is occurring 
or is likely to occur, corrective action should be considered. 

In deciding which course of corrective action provides the most 
efficient long-term solution, consideration should be given to the 
present condition of the materials containing asbestos, the location 
of this material, its function, and the cost of the proposed method 


of controlling asbestos exposure. 


There are four basic approaches to controlling exposure: 


(a) Removal: Asbestos material is removed ane 


disposed of by burial. 


(b) Encapsulation: Asbestos material is coated with 


a bonding agent called a sealant. 


(c) Enclosure: Asbestos material is separated from the 
building environment by barriers such as suspended 


ceilings. 


(d) Deferred action: No action is taken. The area 
is inspected periodically for changes in exposure 


potential. 


Removal, encapsulation, and enclosure are corrective methods and 

can be used separately or in combination. Removal completely 
eliminates the source of exposure to asbestos and, therefore, offers 
a permanent solution. Both enclosure and encapsulation are contain- 


ment methods which do not remove the source of asbestos exposure. 


Since the asbestos material remains within the building following 
enclosure or encapsulation, these approaches should be considered 
only as temporary control measures. The expected length of time 

before a building is to be demolished or major structural changes 


are to be made will be a factor in deciding whether to use either 


of these methods. If a building is later renovated or demolished, 
encapsulated and enclosed asbestos material should be removed and 
disposed of by methods acceptable to the Ministry of Labour and the 


Ministry of Environment. 


The following explains each of the above corrective measures in 
more detail: | 
(a) Removal 
For removal, all the asbestos material is taken 
off the underlying surface, collected and placed 
in containers for burial in an approved waste 
disposal site. This process may require interruption 


of building activities. 


Fireproofing material which has been removed 
should be replaced immediately to maintain 
compliance with fire and building codes. If 
the asbestos material fulfilled either an 
insulating or acoustical function, a replace- 
ment material should have similar character- 
istics. 

(b) Encapsulation 
For encapsulation, the asbestos material is coated 
with a bonding agent called a sealant. Sealants 
penetrate and harden the asbestos material (penetrants) 
or cover the surface of the material with a protective 
coating (bridging sealants). The sealant prevents 


fibre release from the asbestos material. 


Sealants are applied over the surface of the 
material using airless spray equipment at a 
low pressure setting. Airless equipment 
reduces the pressure of the sealant spray and 
the impact upon the friable asbestos material 
surface, thus reducing fibre release during 


application. 
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(Cc) 


(da) 


Encapsulation should be limited to areas 

where the asbestos containing material will 

not be subject to further damage by contact. 

This factor may preclude the use of encapsulation 
as a corrective measure in many areas since acti- 
vity in the buildings may result in contact with 
treated aur tdées and subsequent damage. Encapsul- 
ation should also be limited to asbestos material 
which is capable of supporting the additional 


weight of the sealant. 


Encapsulated material should be routinely 


inspected for deterioration or damage. 


Sealants found satisfactory for asbestos 


encapsulation are listed in APPENDIX II. 


Enclosure 


For enclosure, a barrier such as a suspended 
ceiling is constructed between the asbestos 
material and the building environment. Since 
the asbestos material has not been removed, 
fibres will continue to be released and will 
accumulate behind this barrier. When the 
enclosure is damaged or entered for maintenance, 
this accumulation may be released into the 


building environment. 


Deferred Action 
In the event that action is Geferred, a 
continuing inspection program should be 


implemented. The asbestos material should 


be routinely checked for deterioration or 
damage. If the condition of the material 
changes so that fibres are being released 
and contaminating the building environment, 


corrective action should be considered. 


ieee 


ACTION THAT SHOULD BE TAKEN 
TO PREVENT FUTURE EXPOSURE 


Encapsulation, enclosure, and deferred action allow the asbestos 
material to remain within the building. It is important to recog- 
nize, therefore, that the risk of hazardous asbestos exposure 

may be increased by changing conditions in the building. For 
example, asbestos material can be damaged by maintenance, repair, 


Or renovation activities, causing further fibre release. 


Consequently, a management system should be implemented to ensure 
that asbestos is not released into the building environment due to 
maintenance, renovation, or repair work performed by either building 


“personnel or contractors. 


All individuals involved in such activity should be informed that 
asbestos material is present and trained in work procedures, to 


prevent damage to material containing asbestos. 


Generally, it is not necessary to close a building in order to 
take corrective actiom. However, areas or rooms where there is 
a severe exposure hazard may have to be closed off until 
corrective action is taken. Usually this situation arises when 
there is a potential for high contamination levels of asbestos 


caused by continuing damage of highly friable material. 


APPENDIX I 


ASBESTOS INSPECTION PROGRAM 


NAME OF PERSON TO RECEIVE 
THESE RESULTS: 


NAME OF BUILDING 

ADDRESS: 

PERSON IN CHARGE OF BUILDING: 
TELEPHONE NUMBER: 

NO. OF SAMPLES SUBMITTED: 


SAMPLING LOCATIONS SAMPLE #¢# DATE SAMPLED 


RESULTS 


SAMPLE # PRESENCE OF ASBESTOS 


Pas 


APPENDIX II 1.14 


SEALANT MATERIALS TESTED BY BATTELLE LABORATORIES FOR 
THE U.S. ENVIRONMENTAL PROTECTION AGENCY AND FOUND 
ee EEE OO 
SATISFACTORY FOR ASBESTOS ENCAPSULATION 
a SS kEE—E—E—E—Ee—EeETEES=—ma—=E_ 


Material From . 


Decadi:x Firecheck Pentagon Plastics 
7659C Fullerton Rd. 
Springfield, Va. 
22153 


Tel: 703-569-5277 


554-21-1 H.B. Fuller Company 
Foster Division 
Box 625 
Springhouse, Penn. 
19477 


Tel: 215-628-2600 


X-64-2 Lehman Bros. Corp. 

Also known as OX line 22 Halladay Street 

ABC sealer Jersey City, N.J. 
07304 


Tel: 201-434-1882 


Cafco Bond Seal United States Mineral Products Co. 
Flanders Road 
Stanhope, N.J. 
07874 


Tels 202-347=1200 


Material 


K-13 Sprayed Cellulose 


Pleco-glo 


T,h5 


From 


National Cellulose 
Corporation 

12315 Roben Blvd. 
Houston, Texas 
77045 


Tel: 713-433-6701 

Makus Development Corporation 
P.O. Box 31 

Mercer Island, Belleview 


Washington. 


Tel: 206-641-7373 
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APPENDIX J 


MINISTRY OF GOVERNMENT SERVICES GUIDELINES 
REGARDING ASBESTOS (INSPECTION, MAINTENANCE, 


REPAIR, CONSTRUCTION AND DEMOLITION) 
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BUIDEL ICES REGAMDI.u ASERSTOS RELAIS TO Pe Portas ey 
MAINTENANCE, REPAIR, CONSTRUCTION AND CENOLIVIOK VCRK 
BY MINISTRY OF GOVERNMENT SERVICES PERSONNEL 


ee ee Se SEE ae 


MINISTRY OF GOVERNMENT SERVICES 


OCCUPATIONAL EXPOSURE 


Exposure to asbestos fibres In alr can occur Ina variety of 
uses and processes. The fibrous material may be sprayed as insulation, 
as a fire retardant, or for acoustic effect. Asbestos Is combined in 
cement asbestos board, shingles, brake linings, paints, floor tiling, 
water and sewer pipes, and is used in the production of moulded plastic 
eee in sheet form as lagging for insulation and in flame retardant 
cloth. 


GUIDELINES 


The following guidelines have been derived from the Ontario 
Ministry of Labour guidelines regarding occu ational exposure to asbestos 
(Occupational Health Branch Data Sheet No.18) with clarification or 
adaptations of the guidelines for Ministry of Government Services 


operations. 


These guidelines are designed to provide for the protection of 
workers and others from potentially hazardous exposure to asbestos during 
inspection, maintenance, repair, construction, and-demolition activities 
undertaken by the Ministry of Government Services. It ts the 
responsibility of all Ministry of Government Services personnel engaged 
in such activities to adhere to and carry out the provisions of these 
guidelines in areas where a potentially hazardous asbestos exposure Is 
known, suspected or may result from the activity. 


In all cases involving worker exposure to asbestos, Mintstry of 
Labour guidelines, standards or directions regarding asbestos exposure | 
shall govern. - 


. 


(1) Personal Hygiene 


(a) Good personal hygiene Is to be maintained. This includes 
washing before eating, drinking, smoking or use of 
toilet facilities following an exposure to asbestos 
contamination. Care should be taken to wash those areas 
of the body where no protective covering was used (face, 


hands, etc.) 


(b) Change areas/rooms are to be provided for so that. workers 
may remove protective outer clothing or change clothes 
which may have been contaminated by asbestos fibres. 
Occupied public areas, locker/change rooms used for 
general purposes, and restroom facilities should not 
be used for change areas/rooms as described in this 


section. ° 
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Personal Hygiene (Continued) | 


(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


(i) 


Where feasible, a vacuum cleaner should be used to 
vacuum contaminated clothing prior to removal of such 
clothing from the person. The vacuum operation should 
be performed,where possible, prior to leaving the 
contaminated area. If a vacuum cleaner is not avallable, 
any visible asbestos fibres should be brushed from the 
clothes prior to leaving the contaminated area. 


Strong, disposable vacuum bags shal] be used in the 
vacuum unit. Used vacuum bags should be disposed of in 
a safe manner so that hazardous concentrations of 
asbestos will not be released. . 


Contaminated clothing shall be placed in a covered 
impermeable container. 


Contaminated clothing should not be worn by the worker 
outside of the area of contamination except to the 
location of any change area. Contaminated clothing 
should not be taken home by the worker. 


Laundry 

(1) Laundering of asbestos-contaminated clothing Is 
to be done so as to prevent the release of 
hazardous levels of alrborne asbestos fibres. 


(i1) An employer who gives asbestos-contaminated 
clothing to another person or company for Taunder- 
Ing Is to inform such person or company of the 
requirement In subsection (1) above. 


s 


(iit) Contaminated clothing Is to be transported Is sealed 


impermeable bags, or other closed impermeable 
container and a caution label affixed (see Section 


3(i)). 


The worker shall clean by vacuuming and/or wet wiping 
any Item of contaminated equipment or clothing (shoes, hat, 
etc.) which will not be laundered prior to re-use. 


Areas used for changing contaminated clothing shall be 
vacuumed and/or washed thoroughly following use. 


(2) Food, Beverages and Tobacco 


Food, beverages and tobacco are not to be kept nor consumed 


in the contaminated work area nor In the change area for contaminated 


clothing. 


May 1980 
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(3) Caution Labels 


(1) Labelling - Cautlon labels are to be affixed to 
all raw materials, mixtures, scrap, waste, debris 
and other products contafning asbestos fibres, or 
to thelr containers, except that no label Is 
required where asbestos fIbres have been modified by 
a bonding agent, coating, binder or other matertal 
so that during any reasonably foreseeable use, 
handling, storage, disposal, processing or transport- 
ation, no hazardous concentrations of asbestos 
fibres will be released. 


(ii) Labels - All labels are to be In accordance with 
the Guidelines for the Labelling of Toxic Chemicals 
for Use In Ontario Industry. 


(4) Personal Protective Equipment/Clothing 


(a) Persons who work in an area of known or suspected hazardous 
| asbestos exposure shall wear a reusable or replaceable 

| filter type air purifying dust respirator or single-use 
dust respirator suitable for filtration of asbestos fibres 
from the breathing alr. 


Suitable dust respIrators include: 


Willson No.1210 Respirator with R10 replaceable filter 
| Willson No.1211 Respirator with R11 repleacable filter 
3M Toxic Dust Disposable Respirator No.9900 

| 3M Disposable Dust Respirator No.8710 

| 3M Dust/Mist Resp!rator No.9910 

) Safety Supply No.1400 Disposable Respirator 


| 

| 

: Safety Supply No.560 Respirator with R60 replaceable 
filter . 


Levitt MW 7170 Re-usable Dust Mask 


or equivalent dust respirators suitable for 
protection from afrborne asbestos fibres. 


(b) Persons who work In an area of known or suspected hazardous 
asbestos exposure should be provided with reusable or 
disposable protective coveralls or similar protective 
clothing for use when in a contaminated area. The coveralls 
should completely cover the regular clothes and should be 
closed at the neck when worn In a contaminated area. 
Coveralls should be laundered or disposed of prior to re-use 


(see Section 1-g). 
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(5) 


(6) 


(7)- 


(8) 


a | 
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Personal Protective Equipment/Clothing Sonia «8 


(c) A head covering such as a safety hard hat, safety bump 
cap, or other protective cap/hat should be worn while in 


a contaminated area. 


(d) Protective gloves should be worn, when feasible, during 
direct handling of asbestos materfal. 


(e) Where there Is a reasonable possibilfity that alrborne 
concentrations of asbestos in a location are or may 
become excessive, contact Safety Section, Ministry of 
Government Services, prior to workers entering the area 
or commencing work respectively. 


Housekeeping 


Housekeeping includes prompt vacuum cleaning or wet sweeping 
of all scraps and spills, careful storage and disposal of asbestos 
containing materfals in plastic bags or other sultable containers, 
and frequent and regular cleaning of machines, floors, wall and 
other surfaces (by vacuum cleaning or wet wiping) where asbestos 
dust settles. Dry sweeping, dusting or use of compressed alr 
are not acceptable. ; 


Ventilatton 


The use of adequate Jocal exhaust Installed for the project, 
where feasible, Is the most important method of dust control. 
This method captures the dust at the source and conveys It to 
a central collecting system. 


Disposal 


Disposal of asbestos or asbestos-containing materfal shall be 
done in a manner cons{stent with applicable Provinclal and 
Municipal regulations. 


Work Practices 


Work practices are to be followed, as completely as possible, 
that prevent the dissemination of dust. 


Examples are:- 
(a) When dumping bags of asbestos: 
(1) Local exhaust is to be used. 
(it) Excessive shaking of bags Is to be avolded. 


(ffi) Bags are to be disposed of carefully using local 
exhaust, covered contalners, plastic bags that 
can be sealed, etc. 


(b) | When sawing, drilling, grinding, machining asbestos- 
containing materials, etc. ° 


(1) Local exhaust fs to be used. 


(il) Products. are to be vacuum cleaned, washed or 
otherwise cleaned before further operations, 
storage or shIpping. 


(c) 


(d) 


hoo 


Compressed air is not to be used for cleaning. 


Where work in celling areas may create a possible hazardous 
asbestos exposure In an occupfed area below the ceiling: 


(i) The area below the ceiling should be protected 


(14) 


(151) 


(Tv) 
(v) 


by the use of drop-sheets and protective 
enclosures to prevent the spread of the asbestos 
fibres. 


Personnel not engaged in the inspection/malntenance/ 
repair/construction/demolftion work, Including those 
normally occupying the local area, should not be 
working within or passing through the area bounded 
by the protective enclosures. 


Care should be taken to ensure that loose alrborne 
asbestos fibres created by the work activity will 
not enter other work areas through the ventilation 
system(s). 


The drop sheets and enclosures should be vacuumed 
and/or wet cleaned prior to removal. 


Following removal of the drop sheets and enclosures, 
the exposed surfaces or the area should be vacuumed 
and/or wet cleaned thoroughly. 


The same provisions as outlined in subsections a, b and c 
above apply to any inspection, malntenance, repair, 
construction or demolition work where alrborne asbestos 
fibres as a result of the activity may create a possible 
hazardous asbestos exposure to persons not engaged in the_ 


activity. 


Arrangements will be made by the Ministry of | 


Government Services to temporarily relocate such personnel, 
if required, to an adjacent or other area not affected by 
the work activity. 


Other precautlons may also be necessary consistent with the nature 
of the workplace and the work being performed. 


Questions regarding these specific guidelines or any other aspect 
concerning a possible asbestos hazard in a Ministry of Government Services 
workplace should be referred to Safety Section, Ministry of Government 
Services Property Management Branch: 965-6517. The Ontario Ministry of 
Labour will serve as the authority having jurisdiction for any problem 
involving an occupatfonal exposure to asbestos. 


Property Management Branch 
Ministry of Government Services 
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APPENDIX K 


DETAILED RESULTS OF ANALYSES BY 


TRANSMISSION ELECTRON MICROSCOPY 


oa ll 


K.1 


“paqoazap aiqh} [ 03 QuaLeayNba z4 wy, UOLQDAZap By S} UOJQeUZUaDUOD wNWyXeW paz4oda4 ayy ‘pauywexd ajdwes Jo U0}Z40d 243 


£1000 £L00°0 
£L00°0 £L00°0 
€400°0 £100°0 
€200°0 . : €400°0 
GST0°0 
SSI0"0 


SST0°0 
SST0°0 


8ET0°0 BET0°O 
8E10°0 BET0°O 


(qut/sauqt 4) (qu/sasqta) | ( (qu/seiqy4) | (qw/se4qts) 
pa}d9} 04 pa}99} 0g 
eAsaqUy jPAsaQUT 
oad T aouap} suo) %G6 a auaplJuo) 446 neti 


HLONST NI S3YLaWOUSTW O'S NVHL Yalvaud Saual4 SHLONST TW 40 Saas 


vOEZB AOMNN GOP | NI I30 G30NadSNS 3AOGY NOILOIdSNI 


AdOISOUDTIW NOULIIFIA NOISSIWSNWUL Ad SASAIWNY 40 SLINS3Y 40 AYWWWNS 


(ABo,oyduow) 31 430SAuy) 
" (G3vS) = 8L0q¢yduiy 


dx 
Vs 


U} Ppazazap auaM Sauqiy OU auayy 


a_dues punowbydeg 
O1ZeLNSUy a1 4Q0SAUYy) YILM eduy 
90 INN-SObTH 499114 


aidwes punoubhyoeg 
UOFZELNSU] 9PLSOuWy YILM eouy 
SO INN-SObTY 4A9FLt4 


payx40mM 
4o0zDadsu, Se wOOU UE 4aAUaSqO 
aL} osAuy) 
HuLupezuo) satel Bupypag pue 
UOLZFELNSUT 3ZLSOUY YILM eouy 
vO INN-SObTH 4A°7L14 


Bur, ,a9 aaoqge BGulyxsom 10zdadsSu] 
aL tzosAay) 

Bupurequo) saity Bur, te9 pue 
UOLPELNSUT BzLSOUW YIM eouy 
€0 IAN-SObTb 497114 


Kwz 


(A6o,oydsow) a1 130SAuy) = Dy 
| (Gays) e1oqyrydwy = Vx 
“pajaazap aiqiy [ 03 quazeagnba 34Wy{ UOZZIaZap ay} S} UOJZe4ZUADUOD wnUyXeM pazrodas ay} ‘paujwexa aidwes yo UO}ZJ0d |Yy7 UY PazIazapP a4aM Sarqyy OU a1ayM 


. 


Q}LS YAOM 0} ASOL) 
8 WAL 493Lt4 


£0°T | Bul {1a aaoge 

} Burwnnsea Bujwuojuad 4ax40M 
€0°T 0009 Off G WAL 493Lt4 

2900 °0 £00°0> 2900°0 (WT JO auN[OA ape paunssy) 
HuLwnndsea 02 JUadefpe wax10M 


O€T0°O 0€T0°O 
0€T0°O 0€T0°O 


rae 

vt 

9500°0 9500°0 ped 
3745 Y4OM wou QUezSIG 
9S00°0 9500 °0 9°0 T WIL 49dLt4 


(qu/saugt4) (qw/sauqy4) | (gu/sweubouen)} (qwW/sarqy4) 


paqoajaq paq2a7aq 
a4qt4 peAsazuy 


jeAsaqUy 
a2uap}4uo) %56 sata t anuap{ suo) 456 


SHLONIT Vv 40 S3auar4 


€lezg —toquinyn gor . ONIT139 G30N3dSNS*3AOSY JONVNIINIVW 


' 
. 


AdOISONIIW NOYLIITT NOISSIWSNVYL AP SASATWNY 4O-SLINSIY 40 AYWWWNS 


K.3 


(A601, oydsou) apLqyosAuyy = Ix 
(aavS aAtzESod) apoqyyduly = Vx 


*pajyoazap aaqts T 0} quapeagnba yiwy, UOl39979P BY} St UOLJeUZUBIUOD wINW LX eu pazuodas ayy ‘paujwexa ajdwes yo uopz4od ayy Uf P2ez2979P ausamM S8UgL} OU A1dIIM 


£100°0 L¥0°0 


3 2500 °0 2500 °0> 2500°0 


2500 °0> 3 AOp L440 


Vv 2500 °0 2500 °0> 2500 °0 


T10°0 


a) 7500°0 S00 °0> S00 °0 


vS0 »S00 °0> LGT wooy 


V 7500°0 0°0> $S00°0 


1500°0 1s00°0> || 
v 1500°0 1500 ‘0> 
9 G00°0 G00 ‘0> 
Vv G00°0 G00‘ 0> 


( :u/swesbouen) 


10°0 


1S00°0 


1500°0 1500 °0> ZT wooy 


L2{ wooy 


( (wt/seaqgt4) ( {w/se.qt4) ( cu/swesboury ) ( 1w/sa4q}4) 


a )a}9a79 333332 
sone ie jeAsaqzuy ae oe peAsaqzUy 
addy |] OF VUaLeAtNbzZ] uopQeszUasUoy ee INGO 256 0} Juapeatnby | uopye4szUdIU0) Soule ys 409 7240 aydwes 
oAqes|| Uorzeaquaduo0g} ssew pazeutzsa uoLze4quaou0) aiqt4 UO, 7eAzZUaIUG) | SSeW Pazewlzsy WOLPeUzPUaIUO) B4ql4 


sauat4 Wo 


QNO1 SNOUIIW O'S < SqUal4 


[SE6/  4oquiny gor 


AdOJSOUIIW NOULIITA NOISSIWSNVYL AG S3SATWNY 40 SL7NS3Y 40 AYWWWNS. 
eg es rE 


1)300ud 40 LYVIS 340j3d - | YaaWNN 193(0Ud 


K.4 


(ABo,oyduow) a4490SAuy) = 9, 
(Gays) Loqpyduy = yy 
“paqdazap augtsy [ 03 JYUaLeAynba y,wWy_ UOLZISZEP ay Ss} UOFZeAQUaDUOD wnWyxXew pazsodau ay} ‘paujwexa ajdwes JO UO}zZ4Od |Yyz Uf PazdazapP auaM Sauq}y OU a1dyM 


S€00°0 v00 *0> S€00°0 WwooYy LBd,URYIOW JAPON 


S€00°0 


€¥00°0 


v€00°0 


v€00°0 


L€00°0 


£€00°0 


SOEz8 ssquiny gor 


a2uap}Juo) ¥56 


(qw/sauq} 4) 
” pa}oazaq 
asqtd 1 
adky i] 03 Quapeagnbz] uopzesqUaoU0) 
a4qtal uo}}e4}ZUaIU0) 
| HINT NI S3ULIWONIIW O'S NVHL Y9LVaN9 S3uaT4- 


Aty quel quy 


€v00°0 
q 4optuso0y 


€00°0 ; £0 INN 4287144 


400° 0> v£00°0 
8ZI wooy 
00°0> coal 20 ONN 483 Ltd 
= eal 
LZ wooy 
¥00°0> £€00°0 Il°0 - 500°0 TO ONN 423114 


(qu/sasqe4) | (cu/swesboueny)}  (qwW/sauqgt 4) 


paqoajaq 


a4qt4 peAsaquy 


a2uap}Juoy %56 


SHLONIT TW 40 SauaT4 


d-NV310 waldv - L YSAWIN 193C0Ud 


AdOISOUIIW NOULIITA NOISSIWSNVYL AG SASATWNY 40 SLINSIY 40 AYVWWNS 


K.5 


(apoqrydue 434M JUazsS}suod YXGF pue ABooydsow) atoqyydury pazoadsns = VS» 
(Abo, oyduop) a, $30SAuy) = Dx 
: (Gays)  21oqsuduiy =dv» 


“payoayap auqts T 0 Jualergnba yyuy| UOPZIaZapP ayy S} UO}ZRAZUBIUOD wn xeu pazsodar ay} ‘pauywexa aj dwes JO UO} Uod ay7 Uf pazDaJap a49M Sauqis OU a1—dt\M 


200°0 
200 *0> 
£00°0 


ST00°0 
ST00°0 
g100°0 


s100°0 
g100°0 
g100°0 


6LE wWooy 
y-692 A9ILb4 


9100°0 
9100°0 
9100°0 


9100°0 
9100°0 
9100°0 


Ble wooY 
€-6092 493144 


9100°0 9100°0 900°0 
9100°0 9100°0 200°0> GL | wooy 
9100°0 9100°0 110°0 2-692 4283144 


9100°0 
9100°0 
9100°0 © 


9100°0 
9100°0 
9100°0 


wooy ue4 
1-692 483Lb4 


tg6t °Z A1Ne 


( ,w/swesBbouey ) (qu /seiqt 4) (qui/sa4q}4) ( ,w/swes6ouey ) (w/sa4q}4) (quw/s94qt 4) 


(qW/saaqt4) 


poz997 0g : pa}a70g 
ove WL Soule jinaerae aA | spies oaaG eo 
adA| |] 03 QuaLeALnbZ} uopPe4sqUaIUOy 0} yUaLeAtNbyZ | uopze4zUIDU0) 
augt4]] uopPeaquadu0)}] sseW pazewtzS9 u04ze4zUaIUO) G4ql4 uo }7}e4QUaDUO) | SSeW Poze} SZ UO}7ZeAzZUBIUO) B4q}4 


HLONAT NI S3ULaWOUITW O'S NVHL YdLVaN9 SAuaT4 SHLONIT TV 40 SAuaT4 


rae 


~ g9itg 4aqunn gor 7 1oardyd 40 LuWLS 3Y0438 


—_ 


2 WASWAN LIACOUd 


K.6 


(@poqyydwe yy4m YUazS}SUOD YXQZ pue AES OUGO) aloq.yduy paqoadsns= YS» 
(Abo, oyds OW) a1 420SK4yD= Ix 


(GavS)  aLoqyydury = av» 
‘paqoaqyap augyy [ 03 JUaLeAyNba 74wW4| UOPZIaZaP ay. S} UOFZeUQUaDUOD WNWyXeW pazodar ay} ‘paujUeXE ajdwes Jo uojz4od ayy Up pazDazap auam saiqly OU aiayy 


T200°0 1200°0 
1Z200°0 1200°0 6LE wooy 
1200°0 12-6992 493144 


T200°0 T200°0 
1200°0 T200°0 Q22 wooy 
1200°0 T200°0 61-6092 4991 bd 


2200°0 . €00°0> 2200°0 


2200°0 200°0 2200°0 jiceaeen 
2200°0 2200°0 L1-6p92 423144 
Teer ‘pT LSnony 


(w/sauqt4) (qw/seaqr4d) | ( (qw/sauqy4) | (Wu /swesbouey) (quw/seaqy4) | (Ww /seaqt4) 
ph ete ily LeAsaqU] aa [eAsaqUy 

s2uaptJuOD 256 0} JUaLeAtnb®Z | uopze4sQUaDU0) sUaP}sUO 256 

u0}}2e4}ZUaDUN) | SSPW PazewyzS3 WO}}e4}QUaDUO) dig} 4 


uray 


SHLONIT TW 40 Saual4 


2ozTg 4equnN gor _. ai-NV419 YaLlay 


@ YIGWNN 1I3CO¥d 


Ke 


(aLoqiydwe yy4m quazs~suod yXQ9 pue ABo| oyduoy a_oqtyduy pazoadsns =\S» 
(AboLoyduoy) 31430SAAY) = Ix 
(aavs) 2oqyyduy <a 


“paqzaazap auqis T 07 JUaLeApNba FfWE| UOLZIaZAaP ayy St uo 43.24 uaaU0D wn xeW paysodar ayy ‘paujwexa aydwes so uopz40d ayz Up pPazIa¥ap 219M So1g}s Ou auayy 


6100°0 6100°0 
6100°0 "4 6100°0 | : ita Bo 
61000 | | 6T00°0 €-2p92 423144 


£100°0 .£100°0 


£100°0 L100°0 ‘den mots 
L100°0 £100°0 | 2-292 423144 


L100°0 L100°0 ; 4 
auu0d 7seayz4 
L100°0 L100°0 3 aie are: 


Z100°0 L100°0 1-292 493Lb4 
——<— 
T86t °92 ANNC 


. 


(qu /saaqt4) ( wu /swesbouey ) (qu/sa4qt4) 


Reeere [eAsaquy agp al jPAJa}UT 


a4Aqti 1 agli T 
adf|| 04 quajeatnbg| uoyyesquaouog | 2242 HHNOI 256 01 quajeatnb3 a2uap}Juoy %56 


J4gt4|| UOLZesqUadUOD| SSeW pazeuyzsy 


HLONST NI SSULIWONIIW O°S NVHL YaLVaNd SauaT4 SHLONIT TV 4O S3ual4 


8GTTS uaquny gor 


ee 


193f0Ud 40 Luvls 340434 


—_— 


€ YaaWAN LIaCOUd 


K.8 


(@poqrydue yzpM 3UGzZS}SUOD YX pue Abo oyduoy aogiyduy pazoadsns =VWS» 
(Abo, Oyd4oy) 21 430SAAY) = Dy 
(aavS) Loqyyduy =v 


*paqzooqyap auqis T 0} quapeagnba yyw, UOLZdIazaP ay} St 043.84} UaDu0D wn xew pazuodai ayy ‘paujywexa ajdues jo uo}z4O0d ay} UL PazDIazap B49M Sauq}J OU B1dyM 


6100°0 6100°0 
6100°0 a 6100°0 iene 
6100°0 | 6100°0 €-L92 423144 


£100°0 .L100°0 
L100°0 L100°0 gee. 
L100°0 £100°0 ; 2-192 423 Lt4 


L100°0 L100°0 ‘ 
; ; 4aus0d 7SeayION 
L100°0 L100°0 . 400{4 W0330g 


L£100°0 LT00°0 T-2v92 4A23Lb4 
T86l “92 3NNC 


(“jw /saaqt4) clu/swesbouen) (qu/sa4qt4) (qu/sarqt 4) ( gul/swes6ouey ) (quw/saaqe4) | (qW/sasqy4) 

P9799] 39 P9339} 09 
LeAsaqu] [eAsazU] 

Sean aouap}Jjuo) 456 eae gouap}Jjuo) 1S6 


ueoW 
addy |] 0} JUaLeA NDZ] UopZesQUBIUO) 0} JuapeAtnby | uopze4QUIDUO) 
U0, 7 e4zZUaIUO)} SSeW pazewtzSy ud}}e4ZUaIUO) JAqt 4 uo} 7e4QUaDU0Z | SSeW PazeW}zSz{; ~ UOLPZe4ZUBDUO) aiqtd 


HLONIT NI S3YLIWONIIW O°S NVHL YaLVauo Saad SHLONIT WW 40 SauaT4 


~~ $STT8 uaquny gor 


a 


193f0Ud 40 LYVLS 340439 
€ YSaWNN LIACONd 


Keg 


OLoyduow) aL }3OSAAYD= dy 
(aavs) 2Loqyuduly = dV+ 


| uo}zDaZap By? S} UOPZRAQUGIUOD UNL} XeLI paquodas ayy ‘pauywexa atdues Jo uopquod ay} Uf paqdazap s49M saug}s Ou a1ayM 


(aoqrydwe y3z4M 3uays}suoo YXC4 pue ABoLoudecl apoqyyduy pez2edsNs = Sx 


*‘payoazap aaqts T OF quapeaApnba 3 4ult 


WS €200°0 12 €z00°0 
av €200°0 6£ €200°0 400|4 Puc 
3 €200°0 - €200°0 G2-Ly92 423144 
WS €z00°0 19 €200°0 ey 
av €200°0 Te €200°0 40014 puz 
a) €z00°0 2 €200°0 p2-Lb92 4A9ILt4 
2200°0 bl 2200°0 
2200°0 “ 2200°0 (quawaseg) 10014 3ST 
2200 °O * 2200°0 €2-Lv92 481 t4 
eee 
T861 ‘ST YaaWaldas 
(qu /sasgt4) ( ,w/swesBouen) (qu/sa4qt4) ( (qu/se4q}4) ( ,u/swesbouen ) (qui/se4qt4) 


pozI9} 99 pa}29390 

asgtd Tt ; Se ed. aigtd T dee gies tee 

adA\ tj 03 quapeatnbq{ uop7eszUsoU0) P1JU0D %56 0} JuaypeApnby uo 4,7e417UBIU0) aydwes 
aAqt 4 |] uOLye4qzUaoUOD] SSeW paz ewtysy udoljzerquaou0) 94g 4 uo},jzeAqUaIUO) | SSEW pazewt sy udLzPeUzUaDUO) B4q}4 


HISNDT NI SaYLSWOUITIW O'S NVHL walvaud Saval4 SHLONIT TW 40 Saat 


SS 


62218 4oquAN Gor dN-NW319 Yas 


CS 


€ WASHIAN LIACOYd 


K.10 


(aLoqyydue 431M 3uUazs}suod WXG3 pue ABoloydiow) aLoqyyduy pazdadsns = YS» 
(Abo, oydioq) 31 430SA4Y) = dy 
(avs) a Loqrydury = dy» 


-pajdazap auqiy [ 0} yuaLeAynba 24m}, UOJZD9ZaP |YyZ S} UOYZe4ZUadDUOI wNWyXeW pazsodar ay ‘pauywexa a_dwes JO UO}z40d aYZ UJ pazaIep 849M Seuq}y OU audyM 


ST00°0 ’ 40014 puodas- 
ST00°0 | £-Bb92 493114 


S100°0 | “‘4oold S414 


S100°0 S100°0 2-892 433144 


p100°0 3 v100°0 | aided 
y100°0 $100°0 1-892 423114 


v100°0 
Te6t “Z AWC 


u/sauqe4) | (guf/smwesBouey)|  (qw/saaqey) | (WwW/serquy (qw/sesqt 4) (qw/seaq} 4) 


pa}2aqaqg Leasaquy P9329} 99 [eAsazuy - 


a4qtdi T ueay auqi4 T 
0} Juayeatnbz| u0jzeu3UaIDu07 a2uap! suo) 296 a2uaptjuo) %S6 
u0}}eujUaDU0D| SSeW pazeM}zSZ uo}}e4}Ua9Uu0) auq}4 


' HLONDT NI SSYLaWONIIW O'S NVHL YSLV3ND SauaT4 SHLONAT YW 40 Sau8t4 


| 
| 
| 
| 


¥ 
adv} 
aq 


99ITg sAaqunN gor 1950Ud 40 Luvs 340438 


b Y3EWNN 1L939C0" 


| es 


(@Loqrydue yz4M JUazZS_SUOD YXGZ pue ABo,oydsow) a,oqpyduy pazoedsnsg =yS» 
(Abo, oydsow) 31 430SK4Y) = Jy 
(avs) Loqryduy =qy 


“paqoayap aiq}y T 0} ywaLeAynba zywy| UOLZIaJEp ayy S| UOPZeAQUaDU0D WNWyXeW pazodas ay} ‘paujwexa aidwes Jo UO{Z4Od ayy Uf pazIazap auaM Sauqsy OU d4dyM 


1200°0 
T200°0 
T200°0 


T200°0 
T200°0 
T200°0 


40014 3ST 
82-8992 427114 


2200°0 
2200 °0 
2200 °0 


€00°0> 
€00°0> 
£00°0> 


2200 °0 
2200°0 
2200°0 


juawaseg 
L2-8992 4A94L!4 


2200°0 2200°0 
2200°0 2200°0 40014 puz 
2200°0 2200°0 92-8992 4931 !4 


(qu /sasqgt4) (qw/sauqy4) | (gw/swesBouey)) (qW/se4qy4) (qu/seaq}4) 


le [eAuazuy Boa an LeAdaquy uray 
ad} |} 0F JuaLeaAtnbyZ] uopzesqzUuadUd) e2UaPtsuOD 256 0} JUaLeAtnbyZ | uoLZe4QUaIUO) soU9P}JUO) 256 aydwes 
uo}7e4qzUaDU0)| SSW Pazew}ySy uO, }Je4QUaIUO) J4q}4 u0}}e4}UBaDUN) | SSPW Pazew Lys] 


U0}}eA}UaDUD) 31q}4 


HLONIT NI SJULIWONITIW O'S NWHL YalVaINS SIuaTd SHLONIT TW 40 Sauat4 


622tg 4equnNN gor dN-NW310 Y3dLdV 


b MAHAN LIACOUd 


Ni 
' 
| 


Ta6l “ST YaaWaldas 


K.L2 


(ABo,oydsow) 31 430SKuy) = dy 
(G3vS) Loqeydwy = yy 
*‘pazdazap auqty [ 0} JUaLeAtNba Zymy, UOPZDIaZapP |Yyy Sy} UOLQeAQUBDUOD Wn xXeM pazVOdai ay} ‘paujywexs ajdwes JO UOZZ4O0d ayy Uf P|azIazZap B49M Sauqsy OU B19dyM 


: . : | LeAoway 4aqsy 
ve£00°0 v£00°0 OOET | 1961 ‘60 saquiarag 
v£00°0 v£00°0 TT | TO-ONN-CTbTb 4A99Lt4 

Bauy YOM APLS7Ng 

: : [eaowsay Buyung 
6€00°0 066 6£€00°0 OOTT | Ig6I ‘61 ysnbny 
6£00°0 6°T 6£€00°0 8° T2-8€-T8-SHO-DNN 4931 t4 


(qw/sauq¢4) | (¢tt/swesBouey)|  (quW/saaqt4) (qui/sauqe4) | (ul /swesbouey ) (qu/se4qt4) (qu/sauqt 4) 


Pep7e3 <0 jeAsazu per ered jeadazuy 


agli T 
0} quajeAtnbz] uopyesquaoUOy | P°UPPHIUOD 256 0} quajeaynb3 | uopzesquaouoy | 22U=PHIUOD 256 


U0,}eU}UaDU0D| SseW pazeW}zSZ uO} }eA}UIIUD) 9Aq}4 U0}}e4ZUaIUOD | SSeW pazeN} 7S] iQ} }e4}ZUaDU0D BIQG}4 


ueay 


HLONST NI SSMLIWOUIIW O°S NVHL YdLVSNS SANaT4 SHLONIT TW 40 S3NaT4 


cocre Ben Sor: (4) 8 YIWAN 193r0¥d 


‘é 


AdOISONIIW NOULIFTS NOISSIWSNVUL AG SSSATWNY 40 SLINSSY 40 ‘AUYVWWNS 


Kilo 


-paqaazap auqty [ 03 quapeaynba z}wWpL UO}ZDIEp 943 St UO}ZeAZUaIUCD wNWyXeW Paz 


ss0°0 0810°0 
Tv0°0O 08T0°O 


8900°0 0°9 


Vv 

J 

Vv TS00°0 

3 TS00°0 

Vv 
) 


0€00°0 


1g00°0 
pZT0°O 


€700°0 
-£700°0 


0£00°0 


020°0 v€00°O 
790°0 L1T0°0O 


pe00°0 
ve00*0 


(qw/sa.q}4) (qw/sasq} 4) 


paq2ajeq 


paqoa7aq 


jeAsazuy augtd T 


aouap} suo) 256 


} 
| 
| 


(AGojotjdsow) a1 430SKuy) = dy 
(aavS) Loqpyduy = Vx 


4odau ay} ‘paujwexa ajdues JO U0} Q4Od By} UY Pazd9zEpP B4aM Saig}s OU B194M 


Parouwar Sudluseg auojag 
Raue YUOM JaWUOJ |pLSuy 
dn-uea|) 427s) 
GO 493144 


PaAowds SUdLuueg J9zJ4e 

Raue YOM AaWAO} SpPLSUT 
dn-ueat,) 4935V 

£0 4A9dLts 


eaue Y10M SpLSU] 
jeAOWdYy BU0jag 
vO 493 L!4 


ePaue YAOM-WOAJ UP4 
[PAQWaY BU0Jag 
10 4931 !4 


0021 
Ove 


(qu/serq} 4) 


peAsaquy 
aduap}juo) 256 


- 


nl 


_ g 
& 


» 


Fes Me ears 2.8 WUT nIVRIe Fatt? 


BS Hots sxgnanoa seaél bojon 


SIE as. tnol ay! Kol ar3ne2 
; ; svat? 
baissis 


TEP 


ere 
ry ye" 


ee 


ace 
Toate miei 
= : 


ja 


gece ml, 


| nam 


vin Tha 


“se 
f 


gee daly a 9 a8 al ate 
aaa e eres 


i 4 += a 
[ ; " . | 
— & ow gr" re 4 
4 ae } 
é e 
‘ 
| 
- 4 - 7 - — 
Tt 
sii 
7 } 
‘ ; ad 7 
+ " \ { 
i . . 
} ' 4 
; 
= - © } 
- _ 
- 
j ' — = j 
. 7 _ 
. { 
: 
i 
- oo ‘ -f 
| 
\ bl ? 
. ¥ ‘ 
‘ 
5 
iF ; 


i 


be 


gy! 


| vr saceit y sx rinwane?| 
Nan 


Ontario 

| 
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\irman: Royal Commission on Matters of Health 180 Dundas Street West 
itefan Dupré, Ph.D. ae 29nd Floor 

nmissioners: and Safety Arising from the Use of Toronto, Ontario 

‘raser Mustard, M.D. Asbestos in Ontario M5G 1Z8 

ert Uffen, Ph.D., P.Eng., F.R.S.C. 416/965-1885 


ctor of Research: 
1ald Dewees, Ph.D. 


al Counsel: 
in|. Laskin, LL.B. 


cutive Co-ordinator: 
Kahn, M.P.A. 


Our File No: 


This study is one of a series being prepared for the Royal Commission on 
| Matters of Health and Safety Arising from the Use of Asbestos in Ontario during 
1981 and 1982. Studies published to date include: 


Study No. 1 COLLECTIVE BARGAINING AND ASBESTOS DANGERS AT THE WORKPLACE, 
By Morley Gunderson and Katherine Swinton 
(ISBN: 0-7743-6834-9). 


| Study No. 2 WORKERS' COMPENSATION AND ASBESTOS IN ONTARIO, 
| By Peter S, Barth 
(ISBN: 0-7743-7024-6). 


Study No, 3 POLICY OPTIONS IN THE REGULATION OF ASBESTOS-RELATED HEALTH HAZARDS, 
By Carolyn J. Tuohy and Michael J, Trebilcock 
(ISBN: 0-7743-7043-2). 


Study No, 4 THE POLITICS OF RISK: THE IDENTIFICATION OF TOXIC AND OTHER HAZARDOUS 
| SUBSTANCES IN CANADA, By G. Bruce Doern 
| (ISBN: 0-7743-6960-4). 


Study No, 5 LIVING WITH CONTRADICTIONS: HEALTH AND SAFETY REGULATION AND 
IMPLEMENTATION IN ONTARIO, 
By G. Bruce Doern, Michael Prince, and Garth McNaughton 


Study No. 6 WORKER ATTITUDES ABOUT HEALTH AND SAFETY IN THREE ASBESTOS BRAKE 
MANUFACTURING PLANTS, By Sally Luce and Gene Swimmer 
(ISBN: 0-7743-7057-2). 


! Study No. 7 THE TECHNICAL FEASIBILITY AND COST OF CONTROLLING WORKPLACE EXPOSURE 
TO ASBESTOS FIBRES, By Gordon M. Bragg 
(ISBN: 0-7743-7311-3). 


Study No. 8 ASBESTOS IN BUILDINGS, 
| By Donald Pinchin 
| (ISBN: 0-7743-7323-7). 


Requests for further information on publications, or other enquiries regarding the 

| Commission, should be addressed to: Ms. Linda Kahn, Executive Co-ordinator, Royal 

| Commission on Asbestos, 180 Dundas Street West, 22nd floor, Toronto, Ontario M5G 128. 

(Telephone: 416/965-1885). 
* 


* * * * * * * 


Additional copies of studies may be purchased in person at the Ontario Government 
Bookstore, 880 Day Street, Toronto, Ontario (Telephone: 416/965-2054); or by 
contacting the Publications Mail Order Service, 880 Bay Street, 5th floor, Toronto, 
Ontario M7A 1N8. (Telephone: 416/975-6015). 
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